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FOREWORD 


This  $190,000  Space  Industrialization  Study  was  performed  under  NASA  Contract  NAS8-32198 
for  Marshall  Space  Flight  Center  from  September  1976  through  April  1978.  The  study  was  in  two 
parts:  Part  1 identified  the  potential  goals  for  space  industrialization  and  developed  and  assessed 
evolutionary  program  options  for  realization  of  those  goals;  Part  2 defined  program  support 
demands,  evaluated  and  defined  the  leading  program  options,  and  developed  recommendations  for 
program  implementation.  The  study  results  are  documented  in  four  volumes: 

1.  Executive  Summary 

2.  Space  Industrialization  Background,  Needs,  and  Opportunities 


3.  Space  Industrialization  Implementation  Concepts 


4.  Appendixes 

The  Rockwell  study  manager  was  Mr.  C.L.  Gould.  Other  key  Rockwell  participants  were  A.D. 
Kazanowski  and  T.S.  Logsdon.  Additional  support  was  provided  by  D.B.  Anderson,  C.R.  Gerber, 
and  T.A.  Sackinger.  Many  others  helped  in  various  ways.  They  included  the  following  key 
consultants: 


• Dr.  Krafft  Ehricke 

• Dr.  Charles  Cheeseman 

• Dr.  Gerard  O’Neill 

Space  Global,  La  Jolla,  CA 

General  Electric, 

Princeton  University,  Princeton,  NJ 

• Dr.  Reed  Powell 

Valley  Forge , PA 

• Dr.  Delbert  Smith,  J.D.,  Space  Law 

California  Polytechnic 

• Dr.  Ernst  Stuhlinger 

Madison,  WI 

University, 

University  of  Alabama, 

• Dr.  Kerry  Joels 

Pomona,  CA 

Huntsville,  AL 

NASA/Ames  Research  Center,  CA 

The  study  was  performed  under  the  technical  direction  of  C.C.  Priest,  Marshall  Space  Flight 
Center.  Mr.  J.  von  Puttkamer  was  the  overall  program  manager  at  NASA  Headquarters,  Office  of 

Space  Transportation  Systems, 
meetings  by  the  following: 

Major  contributions  were 

also  made  at  special  working  group 

• Andrew  Adelman 

• Bonnie  Dunbar 

• Barbara  Marx  Hubbard 

IBM 

Rockwell  International 

Committee  for  the  Future, 

• Dr.  Bertrand  Chatel 

• Fredrick  Durant  III 

Washington,  D.C. 

United  Nations 

Smithsonian  Institution, 

• Walter  Morgan 

• Debbie  Donahue 

Air  and  Space  Museum 

Comsat  Corporation 

President,  Student  Chapter 

• Clarence  Hill 

of  AIAA, 

Universuy  of  California 
at  Irvine 

Rockwell  International 

- 

Inquiries  regarding  the  study  should  be  addressed  to  the  following: 


Gaude  C.  (Pete)  Priest 
NASA-Marshall  Space  Flight  Center 
Attention:  PS04 
Huntsville,  AL  35S!  2 
Telephone:  (205)453-27*6 


• C.L.  (Chuck)  Gould 
Rockwell  International 
12214  Lakewood  Boulevard 
Downey,  CA  90241 
Telephone:  (213)594-3560 
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STUDY  APPROACH  AND  WORK  BREAKDOWN  STRUCTURE 


The  complex  task  of  looking  50  years  into  the  future  and  determining  a 
recommended  approach  to  the  industrialization  of  space  is  presented  in  an 
overview  form  in  Figure  A-l.  We  undertook  the  task  with  humility  and  do  not 
pretend  to  take  fully  into  account  all  the  socio-economic,  technology,  and 
politics  of  world  wide  earth  and  infinite  space. 

Our  work  started  with  two  parallel  paths:  one  looking  into  the  future  for 
trends  and  needs  and  the  other  searching  for  space  opportunities  that  techno- 
logical forecasting  could  foresee.  Previous  work  on  both  subjects  is  voluminous 
and  we  read  most  of  it.  The  problem  was  to  get  from  the  general  to  the  specific 
and  from  the  infinite  to  a reasonable  approach  that  could  be  understood  and 
supported-  Two  kinds  of  screening  were  used,  a narrowing  process  that  identi- 
fied the  best  of  the  opportunities  and  an  integrating  process  that  allowed  a 
very  few  directions  of  hardware/ technology  flow  to  accomplish  multiple  oppor- 
tunities and  bring  about  their  benefits. 

The  direction  we  want  to  head  and  the  pace  at  which  we  want  to  proceed  are 
critical  to  the  process.  Fundamental  to  both  is  the  age-old  question  of  major 
attention  to  immediate  needs  versus  the  foresight  to  sacrific  some  of  today  for 
a better  tomorrow.  Also  fundamental  is  the  possibility  of  a major  event  — like 
a war,  climate  change,  end-of-aging  drug,  etc.  We  postulated  six  program 
options,  four  based  on  immediate  crisis  response  and  foresight  and  one  on 
climate  change  hurting  the  northern  hemisphere.  Another  program  option  was 
based  on  commonality  across  the  other  five. 

By  the  time  you  consider  six  program  philosophies,  60  opportunities,  three 
ratings  of  importance,  and  five  ratings  of  rate  — all  divided  into  five  time 
frames,  you  can  get  about  5000  separate  decisions  for  each  option.  We  made 
these  and  exposed  at  least  100  people  into  the  results  — in  complicated  reports 
and  extended  working  group  sessions.  Their  response  and  our  judgment  led  to 
the  preliminary  results  summarized  in  the  main  body  of  this  report.  In  addition, 
a preliminary  hardware  implementation  scheme  is  shown,  based  heavily  on  full 
utilization  of  the  Shuttle,  minimum  cost  over  the  whole  time  period  considered, 
and  driven  heavily  by  the  steps  we  need  to  take  to  make  critical  energy 
decisions  in  the  next  few  years. 

At  the  end  of  Part  I,  Rockwell  and  SAI  had  each  developed  various  indivi- 
dual program  options  for  the  future  space  industrialization  program.  Up  to 
this  point  the  efforts  of  the  two  contractors  were  purposely  kept  separate  so 
that  the  various  opportunities  for  the  industrialization  of  space  could  be 
studied  to  a reasonable  level  of  detail  from  two  distinct  viewpoints.  However, 
at  the  end  of  Part  I of  the  study  it  seemed  more  appropriate  to  merge  these 
two  efforts  into  a single  concentrated  assault  for  Part  II.  Accordingly,  a 
series  of  meetings  was  held  in  which  Rockwell,  SAI,  and  NASA  representatives 
developed  a new  set  of  program  options  combining  elements  from  the  options 
which  has  been  developed  separately  in  Part  I. 
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As  a result  of  these  meetings  three  new  program  options  were  synthesized 
(See  Figure  A-2): 

a.  Energy  program  leadership 

el.  Emphasis  on  lunar  materials 
a2.  Emphasis  on  terrestrial  materials 

b.  Energy  program  technology  development  only  - implementation  delayed 
until  1987  decision  point 

c.  No  major  commitment  to  the  development  of  the  energy  program 
(studies  only) 

As  can  be  seen  from  this  list,  decisions  regarding  the  energy  options 
(particularly  SPS)  are  fundamental  to  the  scope  and  emphasis  of  the  future 
space  industrialization  program*  In  particular,  if  either  version  of  Option  A 
is  adopted,  the  program  will  be  much  larger  and  more  ambitious  than  if  the 
large-scale  energy  options  are  abandoned  early  in  the  program* 

By  mutual  agreement  most  of  the  emphasis  in  Part  II  was  placed  on  Option 
B,  in  which  a firm  SPS  go/no  go  decision  on  the  SPS  was  purposely  delayed 
until  1987.  Once  these  preliminary  cooperative  matters  had  been  settled,  the 
necessary  hardware  concepts  were  developed  in  sufficient  depth  to  allow  esti- 
mates of  their  weights  and  complexity  levels;  these  estimates,  in  turn,  were 
used  in  a series  of  cost  estimating  relationships  to  obtain  fairly  realistic 
time-phased  cost  estimates  for  the  major  elements  in  each  program  estimate . 

With  these  designs  and  the  resultant  time  schedules  and  cost  estimates, 
it  was  possible  to  evolve  a single  sensible  program  of  space  industrialization 
that  could  be  implemented  and  sold. 

The  salient  features  of  this  recommended  program  were  then  summarized  in 
several  different  ways  to  encourage  communication  to  a variety  of  groups.  For 
example,  a technically  oriented  program  definition  mode  of  communication  was 
defined  including  work  breakdown  structures,  costs  and  schedules,  and  necessary 
near-term  technologies  that  would  be  appropriate  for  the  technical  community 
and  aerospace  professional.  A mode  of  presentation  centering  on  the  societal 
benefits  of  the  program  would  be  more  appropriate  for  government  and  industry 
leaders.  And  a mode  of  presentation  oriented  around  the  participation  of 
various  governmental  agencies  and  other  world  agencies  would  be  more  appropri- 
ate for  delivery  to  bureau  chiefs  and  other  specialized  personnel. 

WORK  BREAKDOWN  STRUCTURE 

The  initial  work  breakdown  structure  (WBS)  used  in  this  study  is  shown  in 
Figure  A-3.  The  work  breakdown  structure  shows  the  elements  costed.  Cost 
estimates  - both  non-recurring  and  recurring  - were  developed  for  the  space 
segment,  ground  segment,  transportation,  and  operations  for  each  of  the 
recommended  opportunities. 
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NEEDS  SUMMARY 


Throughout  the  time  interval  in  which  the  background,  scenario  was  being 
assembled,  various  needs  of  mankind  were  constantly  being  discussed  by  the 
members  of  the  analysis  team.  However,  actual  work  on  the  human  reeds  section 
of  the  study  was  purposely  delayed  until  the  team  members  had  an  opportunity  to 
digest  and  reflect  on  the  background  scenario  and  to  develop  clear  notions  on 
the  probable  course  of  various  future  large-scale  human  enterprises.  The  results 
of  these  thought  processes  are  summarized  in  TabL  1 through  5.  Note  that 
the  tables  are  labeled  "Problem  Solution  Goals/Objectives."  This  rather  devious 
title  was  selected  to  avoid  a moot  discussion  of  real  needs  versus  desires  that 
might  result  if  the  lists  were  more  simply  titled.  Note  also  that  time  frames 
are  assigned  to  each  item.  A short  time  frame  corresponds  to  a need  in  the  next 
decade.  A medium  time  frame  corresponds  to  a need  in  the  late  1980's  or  the 
early  1990's  and  a long  time  frame  corresponds  to  a need  beyond  the  year  2000. 

The  needs  listed  in  the  various  tables  are  divided  into  five  separate 
categories: 

1.  Population 

2.  Industrial  Production 

3.  Food 

4.  Energy 

5.  Political /Economic/Environmental 

To  some  extent  these  categories  were  selected  after  the  fact  so  that  the  various 
entries  could  be  grouped  for  easier  assimilation.  Note  that  the  structure  and 
wording  of  the  individual  items  in  eacn  list  were  influenced  to  some  extent  by 
the  foreknowledge  that  this  was  a study  of  advanced  space  technology.  In  other 
words,  the  team  members  developed  the  various  items  in  Tables  1 through  5. 
fully  cognizant  of  the  fact  that  the  items  listed  were  to  be  used  to  trigger 
further  ideas  on  the  potential  uses  of  space  to  solve  some  of  the  problems  of 
mankind.  On  the  other  hand,  the  lists  were  not  strictly  confined  t.u  those 
problems  that  were  obviously  amenable  to  solutions  from  space. 

The  primary  purpose  of  this  part  of  the  study  was  to  stimulate  ideas  for 
further  analysis.  It  is  suggested  that  the  reader  not  be  overly  concerned  with 
the  specific  breakdown  of  the  lists,  the  order  of  the  items,  or  even  the  total 
completeness  or  wording  of  the  individual  items.  If  the  items  listed  stimulate 
further  ideas  for  opportunities  in  space  then  this  exercise  will  have  served  its 
intended  purpose.  If  not,  no  amount  of  restructuring  or  revision  of  the 
individual  items  or  their  groupings  would  be  of  any  noteworthy  consequence. 
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Table  1. 

Problem  Solution  Goals/Objectives  - Population 
(Demographic,  Social,  Socio-Economic,  and 
Communications/Mobi 1 i ty) 

Time  Frame 

Long 

1. 

Standardize  languages/dialects 

Short 

2. 

Improved  education/job  market  synergism 

Short 

3. 

Skill  education  (improvement) 

Short 

k. 

Skill  education  (new  job) 

Hed i um 

5- 

Develop  self-contained  pacJiagt 4 on  specific  subject 
matter  and  make  universally  available 

Medium 

6. 

Develop  system  for  disseminating  information  and 
education  to  remote  villages 

Long 

7. 

Record  evolutionary  development 

Long 

8. 

Compile  and  document  cultural  identity 

Long 

9. 

Compile  and  document  ethnic  identity 

Short 

10. 

Entry  of  low  skills  into  productive  work 

Med i um 

11. 

Better  utilization  of  female  skills  (no  artificia* 
barriers,  better  child  care,  etc.) 

Short 

12. 

Better  utilization  of  knowledge  and  skills  even 
after  retirement 

Short 

13. 

Better  utilization  of  handicapped 

Short/Med 

1.  11«. 

Optimum  mix  of  do-it-yourself  and  special  skills 
(labor  costs  and  tax  structure  may  be  forcing  too 
much  bungling,  time-consuming  do-it-yourself) 

Short 

15. 

Improved  productivity  of  United  States'  workers 

Short 

16. 

Productivity  incentive  (recognition,  pay, 
promotion,  etc.) 

Legend: 

Short  - 
Medium  - 
Long 

Needed  and  really  should  (or  could)  be  done  within  the  next  10  years 
Late  1980's  or  early  1990's. 

Near  the  turn  of  the  century  or  beyond. 

12 


Medium 

Medium 

Short 

Short 

Short 

Sh.  rt 
Medium 

Short 

Short/Med. 

Med i um 

Short 

Short 

Med i um 

Long 

Med i um 
Med i um 
Med  i um 
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17*  Optimum  work  shifts 

I8l  Flexibility  of  assignments  (assigning  the  right 
ski))  to  a problem  even  if  he  lives  in  Chicago 
and  the  problem  is  in  Pittsburgh) 

19*  Fewer  interruptions  and  distractions  for  workers 

20.  Quieter  environment  for  workers 

21.  Better  access  to  existing  data  and  designs 

(don't  re* invent  the  wheel) 

22.  Improved  public  safety  and  law  enforcement  methods 

23.  Schemes  for  keeping  track  of  the  disposition  of 
criminals  in  our  criminal  justice  system  to  assure 
swift  and  fair  treatment 

24.  Methods  for  insuring  that  the  country's  recreational 
facilities  are  better  utilized  and  less  crowded 

25.  Safe,  effective  birth  control  methods  which  can  be 
used  by  uneducated  populations 

26.  Develop  stimuli  for  population  control  up/down 

27.  A morning-after  pill 

28.  New  communication  techniques  to  disseminate  information 
on  the  best  available  birth  control  techniques 

29.  Less  risky  abortion  techniques  requiring  little  or  no 
professional  expertise 

30.  Schemes  for  selecting  the  sex  of  unborn  children  so  that 
families  don't  have  seven  boys  trying  for  a girl  (or 
vice-versa) 

31.  Provide  periodic  medical  check-ups  for  world  population 

32.  Establish  remote,  automated  diagnostic  cent,  s 

33*  Establish  disease  warning  network 
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Hedlum  34. 


Medium  35. 


Med i urn 

36. 

Long 

37. 

Long 

38. 

Long 

39. 

Long 

4o. 

Long 

i»l. 

Long 

42. 

Short /Med. 

43. 

Med. /Long 

44. 

Med i um 

45. 

Long 

46. 

Long 

47. 

New  techniques  for  the  rcnote  medical  monitoring  of 
the  bodily  functions  of  individuals  who  are  re- 
cuperating from  serious  illnesses  or  suffering  from 
chronic  conditions 

Wider  use  of  paramedics  electronically  linked  to 
centrally  located  medical  experts  who  can  provide 
instantaneous  medical  supervision  and  advice 

Develop  computer-aided  medical  treatment 

Develop  fluorocarbon  blood  substitute 

Non-touching  levitation  for  burn  victims 

Means  of  relieving  body  stresses  (gravity)  for  health 
recovery 

Completely  safe  environment  for  genetic  and  virus 
research 

Search  and  identify  new  pathogenic  bacteria  and  viruses 

Develop  vaccines  for  pathogenic  virus  (Lassa/Green 
Monkey  Fever) 

Develop  rodent  and  disease  vector  population 
expansion  detectors 

Develop  rodent  and  disease  vector  control 
technol ogy/sys  terns 

Develop  control  for  schistosomiasis 

Assure  participation  in  mankind's  quests: 

• Exploration  of  space 

• Exploration  of  sea  bottom 

Identify  new,  efficient  living  areas 

• Climate 

• Energy  sources 

• Food  sources 

• Meaningful  employment 
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Long 

1*8. 

Develop  projections  of  socio-economic  impacts  of 
cl imatic  changes 

Med i um 

ks. 

Personal,  portable  communications  systems  which  allow 
the  user  to  be  reached  even  if  the  caller  doesn't 
know  where  he  is  located 

Med. /Long 

50. 

Transportation  facilities  which  are  more  Immune  to 
the  changes  in  the  weather  (e.g.,  freeways  and  airports) 

Short 

51. 

Improved  search  and  rescue  methods  for  locating  lost 
campers,  downed  airplanes,  capsized  boats,  etc. 

Med. /Long 

52. 

Electronic  shopping  procedures 

Med i um 

53. 

New  methods  for  the  transfer  of  data  in  gagabit 
quantities  from  one  computer  installation  to  another 
by  remote  means 

Short 

5**. 

Rapid  tamper-proof  methods  of  credit  verification 
and  personal  verification  (cheap,  sure  and  quick) 

Long 

55. 

Electronic  systems  for  the  distribution  of  mail 

Long 

56. 

Remote  control  techniques  for  dangerous  or  remotely 
located  machines  including  those  that  are  located  Ip 
the  space  flight  environment 

Med. /Long 

vn 

'■*4 

Elimination  of  the  barriers  of  travel  for  all  kinds  of 
interpersonal  (non-touching)  relationships 

Short/Long 

58. 

Less  time  spent  in  travel 

Med. /Long 

59. 

Teleconferencing  methods  to  cut  down  on  personal 
travel 

Short/Med. 

60. 

Rapid  and  efficient  off ice-to-of f ice  communications 

Medium 

61. 

Methods  to  provide  for  the  rapid  access  to  stored 
records  and  library  materials 

Short 

62. 

Access  to  calculating  power 
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Tuble  2.  Problem  Solution  Goal s/Objectl yes  - Industrial  Production 
(Including  Materials  and  Water) 

Time  Frame 

Short  1.  Means  for  increasing  worker  productivity,  particularly 

with  respect  to  the  other  countries  within  the 
developed  world 


Snort  Med.  2. 


Techniques  such  as 
unskilled  laborers 
numbers  of  welfare 
dependent  children 


cottage  indust 
to  work  and  to 
recipients  who 


ies  for  putting 
employ  the  large 
are  mothers  with 


Med  1 ur 
Med i un 


3.  Ways  for  minimizing  the  possibilities  for  second  and 
third  generation  welfare  recipients 

k.  Effective  schemes  for  shipping  jobs  across  international 
borders  to  help  alleviate  labor  shortages  and  surpluses 


Medium/Long  5.’  Simple,  inexpensive  machines  for  Third  World  countries 

which  will  magnify  the  powers  of  the  average  semi” 
illiterate  unskilled  laborers 


She  rt 


6.  Means  for  tapping  the  potential  of  the  marginal  farm 
labor  in  many  parts  of  the  world 


Short/Long 

Short/Med. 

Medium 


7 Faster  methods  of  commuting  to  work 

8;  Method  for  being  linked  to  the  job  electronically 

9*,.  Improved  machinery  which  is  better  adapted  to  the 
capabilities  and  limitations  of  unskilled  human 
operators 


Short/Med. 


Methods  for  reducing  wasted  materials,  labor,  and 
energy  in  large  Industrial  operations 


Med./Lo  j 11* 


Manufacturing  processes  which  promote  the  easy  adaptation 
to  new  product  lines 


Medium  12.  Methods  for  increasing  the  productivity  in  large  dis- 

tribution and  sales  operations  (Red  Ball  Express?) 

Legend: 

Short  • Needed  and  really  should  (cr  could)  be  done  within  the  next  10  years. 
Mediu  .i  - Late  1980 ' s or  early  1990's. 

Lo.«g  - Near  the  turn  of  the  century  or  beyond. 
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Short/Med. 

Short/Med. 

Short/Med. 

Long 
Med i um 

Medium 

Med. /Long 

Med i um 

Short/Med. 

Short/Med. 

Med. /Long 
Short/Med. 
Med  I um 
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13*  Contracting  procedures  whereby  the  loser  of  a large 
contract  does  not  routinely  end  up  with  idle 
machinery  and  idle  production  capacity 

1*».  Better  means  for  insuring  the  protection  of  pro- 
prietary knowledge?  (Make  a big  profit  on  a winner 
to  balance  out  a lot  of  RSD  on  a bunch  of  losers.) 

15-  Identify  optimal  labor-intensive  industrial  options 

for  underdeveloped  countries 

16.  Develop  water  breathing  technology/systems 

17-  Smarter  macnines  (computer  controlled,  safety  features, 
less  waste  of  material,  fewer  goofs,  etc.) 

18.  Structures  which  are  more  resistant  to  weathering 
and  less  affected  by  high  winds 

19.  Garbage  disposal  methods  which  make  use  of  the 
potentially  useful  components  contained  within  the 
gargabe  and  trash 

21.  New  methods  of  locating  and  assessing  natural  deposits 
of  mineral  resources,  particularly  fuels  and  scarce 
metals 

22.  Accurate  inventories  of  the  world's  reserves  of 
mineral  resources 

23.  Substitutes  for  liquid  and  gaseous  fuels  which  are 
equally  easy  to  handle  and  transport 

2k , Safer  underground  mining  methods  and  less  destructive 
strip  mining  techniques  (See  Energy-Coal  Mining.) 

25.  Stockpiles  of  critical  materials  to  avoid  the  pressures 
of  monopolies  and  cartels 

26.  Coal  gasification  and  liquifaction  methods  which  do  not 
require  large  quantities  of  water  (also  land  reclamation 
methods  which  are  not  water-intensive) 
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Med  1 um 

27- 

More  stable  markets  for  the  world's  raw  materials  to 
cushion  the  shock  of  sudden  price  fluctuations  on 
Third  World  nations 

Long 

28. 

Wider  use  of  renewable  resources  such  as  wood,  sugar, 
and  alcohol  as  a substitute  for  non-renewable 
resources 

Med . /Long 

29. 

Better  methods  or  rust  and  corrosion  control  to 
increase  the  useful  life  of  the  world's  materials 

Med. /Long 

30. 

Lighter  weight  planes  and  cars  to  achieve  lower 
materials  usage  and  reduced  fuel  consumption 

Med. /Long 

31. 

Means  for  the  reduction  of  the  loss  of  valuable 
property  and  precious  materials  from  fires  and 
other  periodic  disasters 

Med i um 

32. 

Reduced  inventories  of  critical  materials  by  better 
management  of  warehousing  and  transportation  facilities 

Med. /Long 

33. 

More  efficient  design  of  buildings  and  other  structures 
which  use  large  quantities  of  materials 

Med. /Long 

34. 

New  lubricants  or  other  strategies  designed  to  reduce 
frictional  losses 

Short/Med. 

35. 

Bigger,  better  semiconductor  crystals 

Med  i um 

36. 

New  superconductors,  particularly  those  which  can 
operate  at  higher  temperatures 

Med. /Long 

37. 

New  methods  designed  to  achieve  the  large-scale 
recycling  of  scarce  materials  such  as  mercury  and  silver 

Short/Long 

38. 

Better  pharmaceuticals 

Long 

39. 

Develop  mineral  resources  exploration  techniques,  e.g., 
ion  ratios  in  water  (petroleum),  water  leached  minerals 

Long 

40. 

Develop  means  for  subterranean  exploration  for  minerals 

Rockwell  International 

Space  Division 


Med. /Long 

41. 

Long 

42. 

Long 

43- 

Long 

44. 

Med. /Long 

45. 

Med . /Long 

46. 

Develop  evaporation-retarding  substances  (surface 
and  plant  transpiration) 

Identify  areas  of  fossil  water 

Develop  methods  for  mapping  subterranean  rivers 

Identify  potential  river-reversal/diversion  areas 

Develop  means  for  ki 1 i ing/removing  viruses  in  water 

Develop  low-cost  water  purification  processes  (ozone) 
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Time  Frame 


Long 


Table  3.  Problem  Solution  Goals/Objectives  - Food 

1.  More  widespread  use  of  the  many  potentially  attractive  foods  which 
are  now  regarded  as  being  undesirable  or  Inedible  (e.g.  unusual 
vegetables,  rough  fish). 

Short  2.  Effective  methods  of  food  distribution  in  disaster  situations. 

Medium  3.  Rice,  wheat,  and  corn  which  contain  larger  concentrations  of  the 

essential  nutrients. 

Med. /Long  k.  Synthetic  meat  products  which  have  the  desirable  properties  of 

real  meat,  but  are  much  cheaper. 

Short  5.  More  encouragement  of  breast  feeding  in  the  underdeveloped  world. 

Short  6.  More  widespread  dissemination  of  clear  Information  on  proper 

nutrition. 

Short/Med.  7»  Beverages  which  are  both  tasty  and  nutritious. 

Med. /Long  8.  Methods  for  making  the  low-nutrient  soils  of  the  Jungles  support 

crops  without  becommlng  bricklike.  (Lateritic  soils.) 

Medium  9.  Economic  methods  for  producing  fertilizers  on  a small  scale  with 

simple  equipment  and  mostly  local  materials. 

Long  10.  Means  for  treating  or  crossbreadlng  leafy  crcps  such  as  hay  or  alfal 

so  that  they  can  be  digested  by  human  beings. 


Short/Med.  1 1 


More  widespread  distribution  of  vitamins  and  food  supplements, 
particularly  for  the  world's  pregnant  women. 


Legend: 

Short  - Needed  and  really  should  (or  could)  be  done  within  the  next  10  years. 
Medium  - Late  1980‘s  or  early  1990's. 

Long  - Near  the  turn  of  the  century  or  beyond. 
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Long 

Short/Long 

Short 

Med ! um 
Med [ um 

Short/Med. 

Short/Med. 

Short 

Medium 

Short/Med. 

Short/Med. 
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12.  Schemes  for  producing  edtble  foods  In  small  houses  and  cramped 
apartments,  (e.g.,  edible  flowers.) 

13.  Mew  strains  of  animals  which  produce  more  protein  and  less  fat  with 
less  feed. 

111.  Effective,  Inexpensive  means  of  obesity  control. 

15.  Foods  or  simple  drugs  which  control  Intestinal  parasites  (Third 
World  prlmarl ly) . 

* 

16.  Market  forecasts  for  food  products  about  three  years  In  advance. 

17*  Weather  prediction  to  precise  geographical  locations,  precisely 
three  days  In  advance  and  generally  10  to  30  days  In  advance. 

18.  Simple  means  for  determining  soli  chemistry  for  the  evaluation  of 
fertilizer  types  and  requirements. 

19.  Cheap  sources  of  chemical  fertilizers  (by-products  from  other 
chemical  processing  operations?) 

20.  Control  of  water  runoff  to  prevent  soli  erosion  and  to  encourage 
soak- up. 

21.  Methods  for  the  detection  and  eradication  of  major  crop  pests 
and  diseases. 

22.  More  efficient  methods  of  transporting  crops  to  market,  particularly 
In  the  underdeveloped  world.  (Like  partial  local  processing.) 

23.  Means  for  reducing  spoilage  of  crops  on  the  ground  (Including  accurate 
weather  forecasting). 
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Med. /Long 

Medium 

Long 

Long 

Long 

Short 

Short/Med. 
Medi um 

Short 

Short/Med. 
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2k.  Irrigation  methods  which  usa  readily  available  power  sources  such 
as  wind  and  solar  power. 

25.  Abundant,  reliable  sources  of  water  for  Irrigation  purposes. 

2$.  Flavoring  methods  to  make  cheap,  but  nourshlng  foods  taste  good. 

27.  Substitute  manufactured  food  for  agriculturally  grown  food  (e.g., 
food  from  petroleum,  forestry  waste  products,  or  the  like). 

28.  Weather  control  for  major  one-time  devastating  effects  such  as 
killing  frost,  tornadoes,  hall,  floods,  etc.  (Space  laser?) 

29.  Well-planned  fish  farms  on  the  open  oceans  and  in  protected  bays  and 
Inlets. 

30.  Control  of  world-wide  fishing  to  Insure  optimum  catches  and  to  avoid 
the  overharvesting  of  certain  types  of  acquatlc  creatures  such  as 
anchovies  and  grey  whales. 

31.  Increases  In  the  efficiency  of  meat  and  fish  processing  and  storage 
operations. 

32.  New  Incentives  to  help  farmers  achieve  higher  productivity,  particularly 
In  regions  of  the  world  where  absentee  landloards  are  prevalent. 
(Contests  where  fields  are  judged  from  sp.  °?) 

33.  Reliable  sources  of  temporary,  unskilled  farm  labor,  particularly 
In  the  planting  and  harvest  seasons. 

34.  Specialized  herbicides  which  selectively  kill  weeds  and  other 
undesirable  plants  without  harming  useful  crops,  farm  animals,  or  man. 


22 


Rockwell  International 

Space  Division 


Medium  35* 

Medium  36. 

Med. /Long  37* 
Med. /Long  38. 


Short/Med.  39- 

Med. /Long  **0. 
Short/Med.  4l. 
Short  42. 

Short/Med.  ^3» 

Short/Med. 

Long  45. 

Short/Med.  46. 
Short/Med.  47. 


Pesticides  which  are  not  persistent  In  the  soil  and  which  do  not 
enter  Into  harmful  synergistic  relationships  with  other  substances. 

Specialized  Insecticides  which  kill  only  the  harmful  pests,  but  which 
are  harmless  to  Innocent  bystanders. 

Means  for  the  major  area  control  of  harmful  pests  and  weeds. 

Crop  disease  cures  which  can  be  quickly  applied  to  the  frontier  of 
disease  movements  (Implies  accurate  sensors  to  detect  the  frontier 
at  any  given  time). 

Methods  for  the  practical  education  of  farmers  on  major  new  farming 
methods  and  the  availability  of  new  farm  machines  and  seed  varieties. 

Reliable  remote  control  units  for  gates,  water  distribution  valves,  etc. 

Cheap,  portable  shelters  for  protection  against  winds  and  rains. 

Distributed  feeding  to  save  fertilizer,  but  still  keep  animals 
warm,  watered,  etc. 

Cheap  remote  sensors  In  cows  to  tell  when  they  are  sick  or  when  they 
are  In-heat. 

Cheap  and  convenient  artificial  Inseminators  which  can  be  used  by 
unskilled  farmers. 

Sex  control  for  artificial  Insemination  sperm  (or  selective  birth 
control  pMls  or  selective  sperm  vaccines). 

More  efficient  cooking  methods,  particular ly  for  Third  World  countries. 
Develop  foods  (or  processing  methods)  that  require  less  cooking 
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Med. /Long  48. 


Long  49. 


Short/Med.  50. 


Medium  51. 


Med. /Long  52. 


Long 

53. 

Long 

54. 

Med. /Long 

55. 

Long 

56. 

Med. /Long 

57. 

Med. /Long 

58. 

Long 

59. 

Develop  Zou)  C06t  energy  sources  for  cooking: 

• Solar 

• Aeroelectrical  Aeol Ian-electrical  (cheap  battery/ charger) 

• Methane 


Means  for  the  reliable  control  of  digestive  efficiency  for  efficient 
obesity  control. 

Better  means  of  watershed  management  to  protect  crops  and  to  Insure 
the  availability  of  water  when  It  Is  needed  for  Irrigation  or  powei: 
production. 

Means  for  predicting  several  consecutive  days  of  sunny  weather  for 
the  harvesting  of  hay  and  other  crops. 

Methods  for  the  control  of  off-shore  fishing  rights  and  the  other 
rights  of  coastal  nations. 


Develop  protein  extraction  from  Inedible  Indigenous  plants. 

Develop  aquaculture  and  mariculture: 

• Species  of  fish  ) 


Location,  species,  food 


• Fish  food  sources  j 

Locate  essential  fertilizer  mineral  deposits  (P2O5) . 

Develop  palatable  foods  from  Insects. 

Develop  strains  of  poultry  that  are  more  efficient  In  tropics. 
Develop  calorie-variable  Junk  foods  (psychic  satlsflers). 
Develop  metabolism  (temperature)  elevating  drug. 
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Med  I um  60  • 
Med. /Long  61. 
Long  62 . 
Long  63. 

Short/Med. 64. 


Promote  sugar  substl tute  (as  is  done  in  Sweden) 

Develop  food  plants  that  can  grow  In  salt/brackish  water. 

Explore  merits  of  plant-animal  hybrids  for  food. 

Cash  crops  which  are  productive  over  a shorter  growing  season. 

Methods  for  providing  abundant  nutritious  food  for  the  youngsters 
of  the  world  during  their  formative  years  (brain  food). 
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Table  k.  Problem  Solution  Goa 1 i/Object  i ves  ~ Energy 


Time  Frame 


Long  l. 

Medium  2. 

Short  3. 

Short 


Short/Med.  5. 
Short/Med.  6. 


Attractive  substitutes  for  oil  and  natural  gas. 

More  energy-efficient  machines  and  electrical  devices. 

Better  Insolation  materials  for  homes  and  office  buildings. 

Thin-film  coatings  for  windows  which  selectively  pass  some  wave 
lengths  while  blocking  others. 

New  methods  for  allevtating  electrical  peak  loads. 

Viable  schemes  for  surviving  energy  embargos  and  resisting  sudden 
unrealistic  price  Increases. 


Short 

Long 


Long 


7.  Large  high-quality  crystals  for  the  rectification  of  dc  currents. 

8.  Terrestrial  methods  for  energy  tnxw6miS{>A.on  without  wires  (e.g., 
the  terrest.ial  equivalent  of  microwave  or  laser  transmission  or 
converting  to  H2,  etc.) 

9.  High  energy-density  batteries  for  electric  automobiles  and  other 
vehicles. 


Med. /Long  10.  Efficient  energy  storage  methods  for  use  in  connection  with  our 
conventional  energy  grids. 

Long  II.  Less  energy-intensive  procedures  for  producing  aluminum,  steel  and 

glass. 


Medium  12.  Turbine  blades  which  are  more  reslstent  to  h’gh  temperatures  and 
stresses. 

Legend: 

Short-  - Needed  and  really  should  (or  could)  be  done  within  the  next  10  years. 

Medium  - Late  1980's  or  early  1 99 0 ' s . 

long  - Near  the  turn  of  the  century  o-  beyond. 
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Short 
Med. /Long 
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13.  Schemes  for  the  mass  production  of  composite  materials  at  a lower 
cost. 

14.  Extremely  cheap  solar  collectors  which  are  light,  rugged  and 
radiation  resistant. 

15.  Cheap,  passive  solar  collector  systems  which  will  help  reduce  the 
nation's  heating  bills. 

16.  More  efficient  methods  for  routing  ships  and  airplanes  to  their 
destinations  along  fuel-saving  routes. 

17.  Small,  compact  cities  without  Internal  highways  In  which  most 
transportation  Is  accomplished  by  walking  and  riding  bicycles 
(but  with  still  good  qualIty~of--lIfe). 

18.  The  personal  equivalent  of  electric  blankets  which  are  worn  on  the 
body  to  provide  direct  heating. 

19.  Cheap,  effective  Insulation  materials  which  can  be  Installed  by  the 
home  handyman  with  a mlntmum  of  training  and  effort. 

20.  Cheap  Insulation  using  a minimum  of  energy  and  materials  to  produce. 

21.  The  recovery  of  processing  heating  from  power  generation  facilities 
for  reuse  In  secondary  processes. 

22.  Improvements  in  the  utilization  of  process  heat  In  connection  with 
large-scale  manufacturing  processes  (Europe  Is  considerably  more 
efficient  than  the  United  States). 
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Medium  23 • Increased  operating  efficiency  for  widely  used  machines  such  as 

auto  engines,  drill  presses,  electric  motors  and  air  conditioning 
compressors. 

Med. /Long  2k.  Methods  for  transferring  Information  such  as  credit  cards  and 

Invoices  which  do  not  require  the  delivery  of  physical  material. 

Medium  25.  Cheap  dual-pane  windows  or  other  efficient  means  for  reducing  heat 
losses  through  windows  and  doors. 

Med. /long  26,  Attractive  architectural  alternatives  to  the  use  of  large  glass 
CuAt&in  mZtA  In  multi-story  office  buildings. 

Long  27.  Substitute  materials  which  are  not  as  energy  Intens I ve  as  the  ones 
they  replace. 

Med. /Long  28.  Small-scale,  portable  powerplants  for  the  operation  of  fans,  pumps, 
etc.  (Solar  or  wind?) 

Long  29.  Automated  subsurface  or  strip  mining  techniques. 

Medium  30.  Better  tecl... Iques  for  converting  coal  Into  liquid  and  gaseous  fuels. 

Long  31.  New  schemes  for  the  location  <>nd  exploitation  of  geothermal  energy 

deposits. 

Medium  32.  New  ways  to  harness  the  power  of  the  wind. 

Med. /Long  33.  New,  more  efficient  methods  for  transporting  gas,  oil  and  coal  to 
the  point  of  need, 

Long  )k.  Breakthroughs  In  fusion  technology 
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Long 

35. 

Short 

36. 

Medium 

37. 

Long 

38. 

Med. /Long  39- 

Med. /Long  40. 

Long 

41. 

Long 

42. 

Med i urn 

43. 

Medium 

44. 

Medium 

45. 

Med i urn 

46. 

Med i urn ' 

47- 

Intensive  development  of  the  technology  leading  to  practi:al 
fast-breeder  reactors. 

Trustworthy  schemes  for  safeguarding  radioactive  isotopes  from 
theft,  diversion,  or  inadvertant  entry  Into  the  biosphere. 

Hethods  for  locating  attractive  sites  for  new  hydroelectric  facilities 

Accurate  methods  for  monitoring  the  world's  wind  patterns  on  a 
continuous  basis. 

Hybrid  ships  which  utilize  the  wind  on  a routine  basis,  but  which  are 
also  capable  of  self-propulsion  to  maintain  schedules  (under  good 
conditions  the  sailing  ships  traveled  faster  than  most  of  the 
commercial  ships  In  use  today). 

Sensors  for  the  monitoring  of  major  currents  in  the  ocean  and  their 
temperatures. 

New  methods  for  the  exploitation  of  tne  energy  locked  within  the 
world's  oil,  shale  and  tar  sands  deposits. 

Automated  tugs  (unmanned  for  towing  Icebergs  using  primarily  wind 
power.  (Remote  control  from  space?) 

Identify  areas  for  low-head  turbine  installation. 

Identify  areas  for  water-mechanical  power  (hand-made). 

Identify  areas  for  tidal  power. 

Identify  areas  for  solar  power. 

Identify  areas  for  low  thermal  differential  delta  turbines 


29 


Rockwell  International 

Space  Division 


Long 

w. 

Long 

*9. 

Long 

50. 

hed./Long  51. 

Long 

52. 

Long 

53. 

Long 

5<*. 

Long 

55. 

Develop  non-gasoltne  motorcycle/automob  lie  (electrlc-sun-wtnd-charged) . 
Develop  waste-powered  electric  plants  municipal  and  plant. 

Develop  efficient  methane  producer  (bacteria  strain). 

Develop  efficient  absorption  air  conditioner  (l.e.,  servel/LlBr) . 

Identify  optimal  dam  sites  (energy  and  Irrigation). 

Identify  sea-sink  power  plant  sites  (Qattara). 

Develop  low-cost  night  Illumination  techniques  for  crop  tending/ 
harvesting. 

Develop  Integrated  electrical  energy  systems 
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Table  5.  Problem  Solution  Goal s/Object Wes  - Pol i tlcal /Economic/Envi ronmental 
(Includes  National , International  and  Global ) 


Time  Frame 

Short/Med. 

1. 

Methods  to  improve  productivity  of  the  country  as  a 
whole 

Short 

2. 

Balance-of -payments  improvements 

Short 

3. 

Stable  currency 

Short 

V 

Low  unemployment 

Short/Med. 

5. 

Effective  procedures  for  minimizing  painful  oscillations 
in  the  nation's  economy 

Short/Med. 

6. 

Effective  methods  of  policing  international  borders 
to  prevent  smuggling,  unauthorized  passage,  and 
military  intrusions 

Short/Med. 

7. 

Remove  threats  to  national  sovereignty:  from  national/ 
International  crime;  from  narcotics;  from  terrorism 

Short/Med. 

8. 

Automobile  engines  and  stationary  machines  which  are 
less  polluting  and  less  noisy 

Med. /Long 

9. 

More  aesthetically  pleasing  methods  for  the  distribution 
of  electrical  power  to  the  user 

Short/Med. 

10. 

A safe,  effective  means  of  disposing  of  nuclear  waste 
products 

Short/Med. 

11. 

Schemes  for  cleaning  up  oil  spills  on  the  high  seas  and 
along  recreational  beaches 

Med . /Long 

12. 

Quieter,  more  aesthetically  pleasing  transportation 

systems 

Short /Med. 

13. 

Viable  substitutes  for  asbestos  and  other  man-made 
cancer-causing  substances  which  are  becoming  so  widely 
distributed  In  the  biosphere 

Legend: 

Short  - Needed  and  really  should  (or  could)  be  done  within  the  next  10  years 
Medium  - Late  1980' s or  early  1990's. 

Long  - Near  the  turn  of  the  century  or  beyond. 

31 


Rockwell  International 

Space  Division 


Short 

14. 

Effective  methods  for  removing  drunken  drivers  from  public 
highways 

Med i um 

15. 

Substitutes  for  toxic  substances,  such  as  fluoride  and  carbolic 
acid,  used  in  manufacturing  processes. 

Med. /Long 

16. 

Means  for  insuring  the  higher  combustion  efficiency  of 
hydrocarbons 

Short/Med. 

17. 

New  methods  for  safeguarding  dangerous  processes  and  dangerous 
materials 

Short/Med. 

18. 

Means  for  preventing  the  spread  of  dangerous  contaminants 
resulting  from  major  catastrophies  such  as  railroad  accidents 

Med. /Long 

19. 

Means  for  the  prevention  of  release  of  geothermal  contaminants 

Short/Med. 

20. 

Methods  for  the  non-hazardous  disposal  of  the  waste  products 
resulting  from  the  extraction  of  coal,  sho  a oil  and  tar  sands. 

Long 

21. 

Identify  ill-defined  borders 

Short/Med. 

22. 

Workable  methods  for  extending  credit  to  Third  World  nations 

Short/Med. 

23. 

Guarantees  for  investment  capital  for  large-scale  international 
ventures 

Long 

2k. 

Develop/ implement  zero-sum  migration  policies 

Medium 

25. 

Assess  optimal  sources  of  natural  wealth  in  under-developed 
countries 

Long 

26. 

Develop  local  (national)  mineral  industries  in  under-developed 
countries 

Med. /Long 

27. 

Assure  share  of  neutral  resources  to  under-developed  countries: 

• Fish  - royalty  for  use  of  assigned  grounds 

• Minerals  - royalty  for  use  of  assigned  ground* 

Med. /Long 

28. 

Assure  eqc litabte.  share  of  World  Bank  funds  to  each  under- 
developed country 

Med. /Long 

29. 

Assure  iquitabit  contributions  from  developed  country  to 
World  Bank 
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Medium 

Medium 
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Long 
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30.  Provide  assured  access  to  commercial  over-flight  rights 

31.  Assured  access  to  petroleum  for  transportation 

32.  Assure  access  to  nuclear  power/uranium  resupply 

33.  Reverse  trends  towards  pseudo  nationalism  in  underdeveloped 
countries 

3**.  Develop  communication  systems  within  under-developed  countries 

35.  Allocate  channels/frequencies  to  underdeveloped  countries 

36.  International  treaties  which  permit  the  technological 
exploitation  of  lunar  materials 

* 

37.  International  cooperation  in  the  use  of  the  geosynchronous 
altitude  and  other  critical  regions  in  space  where  the  most 
desirable  locations  are  intrinsically  limited 

38.  Effective  control  of  the  space  debris  fragments  which  are 
increasingly  populating  the  space  flight  environment 

39.  Workable  international  agreements  on  the  use  of  spaceborne 
sensors  and  communication  links 

40.  Cooperative  international  procedures  for  the  emergency  rescue 
of  endangered  astronauts 

41.  Means  for  insuring  the  security  of  major  investments  in  space 

42.  Treaties  which  insure  the  ability  to  keep  and  sell  data  obtained 
in  space 

43.  Encryption  techniques  for  use  in  conjunction  with  direct 
broadcast  and  personal  communic^  ions  systems  to  insure  privacy 
and  security  to  the  intended  recipients 

44.  World-wide  cooperation  in  the  construction  and  installation  of 
an  equatorial  launch  site 

45.  Secure  world-wide  assignments  of  frequency  bands  for  RF 
transmi ssions 
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Med. /Long  4$. 
Short/Med.  47. 

Short/Med.  48. 


Med. /Long  *»9- 

Long  50. 

Med. /Long  51  • 

Med. /Long  52. 

Med. /Long  53* 

Med. /Long  $4. 

Med. /Long  55- 


Combustion  processes  which  are  less  damaging  to  the  biosphere 

Means  for  the  short-  and  the  long-tcim  monitoring  of  nuclear 
fallout 

Monitor  (detect)  and  control  pollution: 

• Water  (domestic  and  across  international  borders) 

Detect  sources  of  sewage: 

. Chemical  wastes 

. Thermal  pollution 

. Eutrophication 

. Radioactivity 

• Air  (domestic  and  across  international  borders) 

Detect  sources  >f  air-borne  wastes: 

. Noxious 

. Toxic 

. Particulate 

Monitor  the  effect  of  man's  activities  on  the  global  weather 
patterns  and  the  long-term  climatic  conditions 

Global  monitoring  of  ocean  currents  and  air  circulation  patterns 

Long-term  measurements  of  the  earth's  critical  weather 
indicators  (e.g.,  cloud  cover,  ice  formation,  mean  temperature, 
etc. ) 

Correlation  studies  between  the  solar  activity  and  the 
terrestrial  weather  and  climatic  conditions 

Definitive  studies  of  the  effect  of  man's  activities  on  the 
world  weather  and  the  world  climate 

Accurate  methods  for  forecasting  the  world's  long-term 
climate  trends 

Develop  technology  tomonitor  and  control  natural  disasters 
(e.g.,  earthquakes,  tsunamis,  volcanic  eruptions,  tornados, 
hurricanes,  etc.) 
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1.  DIRECT-BROADCAST  EDUCATION  - U.S. 


1.  GENERAL  OBJECTIVE 

Our  present  educational  system  utilizes  audio-visuals  to  a limited 
extent  and  live  television  is  available  in  some  key  school  systems.  However, 
televised  Instructional  materials  are  not  consistently  available  to  the 
districts  that  need  it  the  most  despite  the  fact  that  it  has  been  known  for 
a long  time  that  children  learn  readily  from  television  programs,  including 
those  programs  that  are  not  intentionally  instructive. 

All  basic  school  instruction  attempts  to  convey  information  and  ele- 
mentary skills.  Thus,  one  well-constructed  curricula  could  be  developed  and 
presented  to  all  children  - if  there  were  a way  to  ensure  consistent  delivery. 
Broadcasting  from  space  to  individual  homes  would  make  classroom  activities 
more  interesting  and  varied  and  would  give  the  teacher  interesting  resource 
materials  at  the  flick  of  a switch. 

2.  PRODUCT  TO  EARTH 

High-quality  universal  elementary  and  secondary  education  based  upon 
proven  audio-visual  (television)  methods  being  developed  by  certain  PBS  and 
university  activities.  Initial  phase  would  use  local  ground  transmitters 
(UHF)  and  existing  home  receivers,  broadcasting  the  exi  _ng  classroom  to 
these  children  unable  (or  unwilling)  to  travel  long  distances  to  schools. 

Local  areas  would  be  extended  to  rural  regions  via  satellite,  freeing  the 
ground  transmitters  for  extension  to  more  specialized  courses,  such  as  account- 
ing, business  law  (for  small  business  entrepreneurs),  automobile  repair, 
computer  programming,  and  special  programs  for  the  deaf.  These  broadcasts 
could  be  commercialized,  similar  to  present  extension  college  subjects. 
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Morning  hours  could  be  scheduled  for  primary  education;  afternoons, 
for  cultural  enrichment;  evenings,  to  special-interest  subjects.  Adding  a 
"talkback"  capability  would  enable  a desirable  student-instructor  and 
student-student  Interaction. 

3.  KEY  OBJECTIVES 

To  provide  a high-power  multiple-channel  UHF  television  relay  to  trans- 
mit to  existing  home  receivers  (direct  broadcast) ; and  to  provide  high-quality, 
efficient  training  to  all  students  on  a nond is criminatory  basis. 

4.  PRINCIPAL  CONTRIBUTION 

The  delivery  of  interesting,  varied,  and  high-quality  material  to  our 
nation's  schools.  Among  other  things,  this  would  free  the  teacher  to  provide 
more  individual  attention  to  his  or  her  students  without  the  necessity  of 
working  longer  hours. 

If  desired,  these  broadcasts  could  be  multilingual  on  a concurrent  basis; 
thus,  the  child  could  listen  once  in  English,  then  again  in  Spanish,  French, 
German  - with  the  serendipitous  fallout  of  learning  new  languages  painlessly. 
Since  the  curricula  could  be  presented  on  multiple  channels,  with  alx  phases 
in  sequence,  the  student  could  advance  at  his  own  best  rate.  Programs  cou'd 
be  recorded  (no  need  for  "live  presentation")  with  instant  replay  of  important 
points  at  the  student's  option. 

'j.  LEVEL  OF  CONTRIBUTION 

Delivered  to  home  television  receivers  - each  nation  to  prepare  its 
own  curricula,  with  controlled  pattern  of  coverage.  Extension  to  multi- 
national or  global  service  requires  additional  satellites,  as  a contracted 
service.  Multiplication  of  television  receivers  to  supply  undeveloped  and 
developing  countries  provides  employment  to  large  numbers;  d> livery  of  basic 
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and  technical  training  to  these  countries  improves  their  productivity,  gen- 
erates customers  for  tools  and  conveniences  from  advanced  developed  countries. 

6.  UNIQUENESS  OF  CONTRIBUTION 

The  proposed  system  would  help  eliminate  inequities  and  discrimination, 
and  t timulate  incentives  for  self-improvement*  Satellite  broadcast  is  the 
most  feasible  and  least  costly  method  of  deliverying  service  to  remote  or 
widely  dispersed  areas. 

7.  TIME  FACTOR 


Initial  phase,  using  ground  transmitters,  can  be  implemented  immediately; 
extension  to  USA-satellite  by  1990;  extension  to  global  area  by  1995-2000. 

8.  PRINCIPAL  INSTALLATION  (Space  only) 

Geosynchronous  high-power,  low-frequency  (UHF)  multichannel  transmitter; 


each  nation  provides  central  preparation 
broadcasts. 

Number  cf  beams  per  satellite 

Number  of  channels  per  beam 

Bandwidth  per  channel 

Power-gain  product  p^r  channel  - 

Antenna  size 

Prime  power 

Orbit 

9.  PRINCIPAL  FUNCTIONAL  UNITS 


facility  for  own  language,  own  culture, 

100  for  the  TTnitcd  States 
100 

25  kHz  to  6MHz 
30  dL 

Approximately  60  feet 
Approximately  150  W 
Geosynchronous , equatorial 


Low-cost  television  receivers  identical  to  existing  sets,  with  simple 
antenna  (3-foot  parabola)  pointed  towards  zenith.  Numerous  course-preparation 
facilities  (one  per  country).  Commercial  e itrepreneurs  prepare  special- 
purpose  courses,  rent  time  on  satellite  (special  unscrambler  needed  at 
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receiver)  sell  to  individual  customers  ($10  per  course) . 

Talk-back  requires  adding  small  transmitter  (audio)  to  user  terminal, 
connected  by  wire  to  local  center  (urban  and  suburban)or  by  satellite  to 
nearest  center  for  rural  areas.  (One  talk-back  channel  per  broadcast  channel.) 

10.  PRINCIPAL  TECHNOLOGIES 

Large  (space)  antennas  for  UHF  (100-  to  400-MHz  transmission,  plus 
necessary  solar  power  assembly. 

11.  IMPACT  SPECTRUM 

Technology 
Economy 

Environment 
Social 

Political 
Scientific 

12.  FRONT-END  CAPITAL 

About  the  same  as  one  SBS  satellite,  plus  ground  terminals  ($500M  - 
estimate) . 


Existing. 

Improved  trade  with  developing  countries  in 
global  phase.  Many  jobs  created  to  build 
ground  system. 

No  impact. 

Great  improvement  in  the  quality  of  primary 
education. 

Improvement  in  international  cooperation  by 
interchange  of  subject  material  expands  aware- 
ness of  other  nation’s  pioblems. 

No  impact. 
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EDUCATION  AT  HOME 


2.  DIRECT  BROADCAST  EDUCATION  - D SLOPING  COUNTRIES 


1.  General  Objective:  Provide  quality  education  in  all  areas  of  developing 

countries. 

2.  Product  to  Earth:  Universal  education  based  upon  proven  audio-visual  (TV) 

methods.  Children  and  adults. 

3.  Key  Objectives:  Decrease  illiteracy,  improve  agriculture,  sanitation, 

Import  knowledge  necessary  for  more  productive  labor. 

4.  Principal  Contributions:  Accelerate  development  of  3rd  and  4th  world 

countries,  improve  quality  of  life,  increase  market  for  U.S.  technology. 

5.  Level  of  Contributions:  Benefits  many  times  the  cost  of  system.  No 

credible  alternative  for  many  4th  world  countries. 

6.  Uniqueness  of  Contribution:  Relatively  low  cost,  high  quality  and 

variety  of  education. 

7.  Time  Factor:  Near-term  1980  - 1990. 

8.  Principal  Installations:  Village  ground  stations;  central  (regional) 

computer  with  stored  courses;  education  data  relay  satellite. 

9.  Principal  Functional  Units:  Ground  - classroom  TV  unit  for  transmittsng 

course  request,  receiving  and  storing  program,  displaying  program.  Central 
computer.  Course-generating  team  (arabic,  french,  english,  etc.). 

Space  ~ education  data  relay  satellite  in  geosynchronous  orbit.  Weight 
2000  lbs,  size  14  ft  x 15  ft,  power  2000  watts. 

10.  Principal  Technologies:  Low  cost  high  relability  ground  units,  low  cost 

power  generating  systems  (i.e.,  wind  mills,  low-head  turbines,  etc.). 
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Impact  Spectrum:  Expanded  market  for  television  console 

educational  courses. 

Front-End  Capital: 

Acquisition  Cost 

Ground  units 

$2,000  each 

Computer/course  data  bank 

$5  - 10  M 

Software  (initial) 

$5  M 

Satellite 

$100  M 

Transportation  cost 

$25  M 

Annual  Operating  Cost 

$1  - 5 M 

i- 

j 
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3.  BUSINESS  SYSTEM  DATA  TRANSFER 


1.  General  Objective:  Interconnect  commercial  enterprises  for  communication/ 

transfer  of  business  data. 

2.  Product  to  Earth:  More  efficient  and  timely  interchange  of  commercial  data. 

3.  Key  Objective:  Reduce  cost  of  transfer  of  data  and  documents  (facslmil ies) . 

Improve  management  decisions  by  making  more  current  data  available. 

k.  Principal  Contributions:  Increase  corporate  profits.  Expand  market  for 

aerospace/electronic  technology. 

5.  Level  of  Contribution;  Benefits  (commercial  market  potential)  many  times 
system  cost.  Analogous  to  savings  over  conventional,  earth-based  network 
of  hard  lines  and  microwave  relay  stations. 

6.  Uniqueness  of  Contribution:  Low  cost,  speed  of  transfer  of  data  and  documents. 

7.  Time  Factor:  Near-term  1980-1990  (RCA  SAT  COM  an  operational  fore-runner.) 

8.  Principal  Installations:  Transmitters/receivers  at  key  facilities  of  all 

major  industrial  and  commercial  enterprises.  U.  S.  initially  - eventually 
world-wide.  Data  relay  satellite(s)  in  geosynchronous  orbit. 

3.  Principal  Functional  Units:  Ground-company  computer,  word  processors,  and 

facsimile  units  all  linked  through  a message-di rectly  module  to  a roof-top 
antenna  for  transmitting  to,  and  receiving  data  from  Business  System  Data 
Transfer  Satel 1 Ite. 

10.  Principal  Technologies:  Message  switching/directing  system  onboard  satellite. 

Optimal  antenna/power  trade  for  satellite. 

11.  Impact  Spectrum:  Expanded  market  for  electronic  elements.  Reduce  U.  S. 

Postal  Service's  First  Class  mail  volume. 

12.  Front-End  Capital:  Acquisition  Cost  - 

Ground  Units  (each  - electronic  interface  only) 

Satel 1 i te 

Transportation  Cost  ^UIGLNALj  TAGL  & 
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$ 5,000 
$300  M 
$ 25  M 


4.  ELECTRONIC  TELECOMPUTING 


1.  GENERAL  OBJECTIVE 

Commuting  by  satellite. 

About  20  percent  of  our  present  work  force  do  office  jobs  at  some 
central  location.  This  type  of  work  is  handling  records,  thinking,  writing  - 
none  of  which  requires  attending  a specific  machine  and  could  be  done  any- 
where, since  it  is  individual,  not  group,  effort.  Application  of  today's 
technology  could,  and  soon  will,  implement  an  office-at-home. 

2.  PRODUCT  TO  EARTH 

Conservation  of  resources  (gasoline) ; improvement  in  office  work  pro- 
ductivity: reduced  environmental  pollution;  reduced  congestion  in  cities  and 
freeways . 

3.  KEY  OBJECTIVES 

Using  communications , intelligent  terminals,  and  a CCTV  approach , the 
usual  office  job  can  be  accomplished  by  allocating  one  room  at  home  to  be  an 
office.  Even  today,  it  is  less  costly  to  use  a geosynchronous  communications 
relay  link  than  conventional  landlines  for  long-distance  telephone  calls  for 
distances  as  short  at  600  miles.  The  charges,  both  nonrecurring  and  sustaining 
for  implementing  the  office-at-home  would  be  more  than  offset  by  the  reduction 
in  automobiles,  gasoline,  and  highway  maintenance  if  one-fifth  of  the  popula- 
tion could  work  at  home;  a fringe  benefit  is  a gain  of  one  or  two  hours  per 
day  not  spent  in  purposeless  travel. 

4.  PRINCIPAL  CONTRIBUTIONS 

Application  of  this  concept  would:  reduce  our  dependence  on  oil, 

gasoline;  reduce  urban  pollution  (smog)  and  congestion;  eliminate  10  hours 
per  week  per  person  of  nonproductive,  irritating  travel  time  (commuting); 
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eliminate  large  amounts  of  duplicated  paper  products  (reports,  slides,  etc.) 

5.  LEVEL  OF  CONTRIBUTION 

Every  individual  in  urban  and  suburban  areas  would  benefit:  the 

white-collar  workers  by  not  commuting,  the  construction  and  manufacturing 
workers  by  easier  access  to  roads,  streets , parking;  significantly  cleaner 
air;  easing  of  balance  of  payments  (reduced  gasoline  consumption) . 

6.  UNIQUENESS  OF  CONTRIBUTION 

Very  few  office  work  activities  require  eyeball  contact;  where  neces- 
sary, the  CCTV  provides  an  admirable,  and  even  advantageous,  alternative.  It 
is  easier  to  concentrate  on  one  small  screen  than  to  try  to  watch  a whole 
roomful  of  displays.  Attention  can  be  directed  to  the  major  points  of  emphasis 
even  hard  copies  can  be  transmitted,  if  meaningful. 

And  the  worker  is  not  limited  to  a home  in  the  suburbs;  it  could  be 
Bali  - communication  time  is  the  same  and  just  as  clean  and  convenient.  Office 
personnel,  synchronized  with  the  clock, can  do  their  work  when  best  adjusted; 
the  relaxation  in  nervous  tension  alone  would  be  worth  the  effort. 

7.0  TIME  FACTOR 

Initial  dispersion  (United  States  Governmen  services)  by  1990;  extend 
to  United  States  commercial  by  2000. 

8.0  PRINCIPLE  INSTALLATIONS 

Space  One  or  more  high-power  ccmmunication  relays. 

Ground  Many  small  remote  "intelligent"  terminals  end 
low-power  transmitters.  Preferably  at  EHF 
(10  to  900  GHz);  several  thousand  audio -band 
channels  for  multiple  random  access. 
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9.  PRINCIPLE  FUNCTIONAL  UNITS  (SPACE  ONLY) 


Th«  space  element  iu  useful  only  for  long-distance  communication. 
Regional  linkages  by  fibre-optic  cables  similar  to  present  telephones  on 
CTV  installations.  Where  needed,  the  space  element  would  be  analogous  to 
the  Satellite  Business  System  Satellite.  No  new  government-funded  satel- 
lites are  needed. 

(Ground).  Extension  of  CTV  and/or  telephone  networks  to  individual 
terminals  in  small , neighborhood  centers  (10  to  100  workers) ; later  to  indi- 
vidual homes.  Neighborhood  centers  include  roof-top  antennas  for  satellite 
linkages . 

10.  PRINCIPLE  TECHNOLOGIES 


All  existing  except  high-power  transmitter  at  k-band  or  higher. 

11.  IMPACT  SPECTRUM 


Technology 

Economy 


Environment  - 
Social 
Political 
Scientific 


Very  small  requirement. 

$ billions  saved  by  eliminating  20  percent 
of  automobile  population,  less  gasoline,  etc. 

$ millions  added  by  increased  productivity, 
relaxation  of  tension,  etc. 

Reduce  pollution  significantly*  reduce  centralized 
congestion;  improve  housing  problem. 

Significant  improvement  in  life  style  for  many; 
shoulc  show  immediate  public  acceptance. 

No  immediate  impact;  long  range  may  have  effect 
of  wide-scale  decentralization. 

No  impact. 
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12.  FRONT-END  CAPITAL 


Space  terminal  about  $50  M;  ground  terminals  for  $3  K each  (10 
million  terminals). 
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5.  WORLD  MEDICAL  ADVICE  CENTERS 


1.  GENERAL  OBJECTIVES 

The  majority  of  health  care  consists  of  out-patient  treatment  as 
opposed  to  hospital  confinement.  Out-patient  treatment  generally  consists 
of  data  acquisition,  analysis  (diagnosis)  and  treatment  of  systemic  disorders 
and/or  treatment  of  trauma.  The  population  per  physician  in  the  United 
States  is  approximately  650.  In  the  13  fourth-world  countries,  the  popula- 
tion per  physician  ranges  f*om  92,759  for  Upper  Volta  down  to  3700  for  Sri 
Lanka,  with  a median  of  27,700  (Indonesia)^.  Furthermore,  the  average  life 
expectancy  of  20-year-old  males  in  fourth-world  countries  such  as  India  or 
Nigeria  is  on  the  order  of  37  and  39  years,  respectively.  This  means  that 
the  20  years  of  food  and  education  invested  in  half  of  the  20-year  olds  will 
be  wasted  because  they  will  die  before  the  end  of  their  normally  productive 
lifespan.  The  general  objective  is  to  provide  improved  health  care  to  areas 
lacking  physicians. 

2.  PRODUCT  TO  EARTH 

Medical  technicians  at  remote  health  clinics  would  take  blood  and  urine 
samples  and  process  them  through  automated  clinical  analyzers.  The  results 
of  the  analysis  along  with  other  data  would  be  transmitted  via  satellite  to 
a central,  regional  diagnostic  computer  that  would  process  the  data  and  send 
back  the  diagnosis  and  recommended  treatment.  The  computer  would  also  enter 
the  case  into  files  that  would  reveal  incipient  epidemics  or  "new"  diseases, 
so  that  the  appropriate  measures  could  be  initiated. 


*JN  Statistical  Yearbook  1972 
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3.  KEY  OBJECTIVES 


The  proposed  system  would  enable  third-  and  fourth-world  countries  to 
provide  health  care  to  improve  the  quality  of  life  of  their  inhabitants  and 
to  protect  their  investments  in  food  and  educatioi,  thereby  accelerating 
development . 

4.  PRINCIPAL  CONTRIBUTIONS 

An  investment  on  the  order  of  $20  M for  a nation  such  as  Mali  could 
in  a few  years  more  than  triple  the  current  accessibility  of  health  care. 
Training  for  a comparable  number  of  physicians  would  require  about  15  years. 
In  tests  held  at  medical  conventions,  computer  diagnosis  has  been  shown  more 
accurate  than  conventional  physician  diagnosis. 

5.  LEVEL  OF  CONTRIBUTIONS 

The  training  of  physicians  would  require  12  to  16  years  and  cost  ap- 
proximately 30  percent  more  than  the  establishment  of  a medical  clinic.  New 
medical  schools  would  need  to  be  built,  equipped,  and  staffed.  Medical  tech- 
nicians to  staff  the  clinic3  could  be  trained  in  about  one  year. 

6.  UNIQUENESS  OF  CONTRIBUTION 

Low-cost,  high-quality  medical  care  could  be  extended  to  third-  and 
fourth-world  countries  sooner  and  at  a lower  cost  by  this  approach  than  by 
any  other  means. 

7.  TIME  FACTOR 

Near  term  1980  - 1985. 

8.  PRINCIPAL  INSTALLATION 

Two-way  terminals  in  "automated"  medical  clinics  would  be  linked  via 
satellite  in  geosynchronous  orbit  to  a region's  (continental?)  medical 
diagnostic/treatment  computer. 
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9.  PRINCIPAL  FUNCTIONAL  UNITS 


Ground: 

Medical  clinics  equipped  with  automatic  clinical  analyzer^,  data 
- transmisslon/raceipt  console,  antenna,  power  source,  and  pharma- 
ceutical stores. 

Dlenostlc  computer  - one  (shared  by  several  nations). 


Space : 

Spacecraft  for  data  relay  between  clinics  and  computer. 

Constellation  Size  - 1 

Orbit  - Geosynchronous 

Description  - Weight  - 3000  lbs 

- Power  - 2000  Watts 

- Size  - 15  foot  diameter 

x 15  foot  lens 

10.  PRINCIPAL  TECHNOLOGIES 

Spacecraft  data  relay  to  appropriate  clinics. 

11.  IMPACT  SPECTRUM 

Technical  - System  is  minor  advance  over  existing  technology. 

Economic  - Need  to  devise  plan  for  financial  structure  of  \ 

\ 

> 

system(s) . Improved  productivity  wi thin  develop- 
ing nations.  Preservation  of  investment  of  food 
and  education  to  enable  return  on  investment. 

Environmental  - Reduce  likelihood  of  spread  of  untreatable  diseases 
to  developed  countries. 

^Such  as  that  produced  by  DuPont,  Xerox  Corporation,  Union  Carbide 
Corporation,  or  Technician  Corporation 
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Social 

Political 

Scientific 


Improved  qualify  of  life. 

Increased  g /od  will  towards  originators  of 
system. 

Can  detect  potential  epidemics  early;  detect 
presence  of  new  diseases  for  medical  study/ 
treatment  development. 


12.  FRONT-END  CAPITAL 


Acquisition  Cost : 

. Medical  Clinics : 

Clinical  analyzers  (2) 
Console/Antenna/Gernerator 
Pharmaceutical  Stores 
Building  (Water,  Sewage) 
Mlcellaneous  Equipment 
Total 


$ 0.04  M 
0.015 
0.020 
0.020 
0.005 

$ 0.100  M 


. Diagnostic  Computer; 
Software 


2.0 


2.0 


Spacecraft : 

Development 

100.0 

Unit 

25.0 

Launch  Cost 

25.0 
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Annual  Operating  Cost; 

. Medical  Clinic 

Personnel  (A) 

Supplies 

. Diagnostic  Computer  Center  $ 1.0  M 
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6.  TIME  AMD  NAVIGATION  SERVICES 


1.  GENERAL  OBJECTIVE 

Provide  an  accurate,  universal  tine  reference  and  a three-dimensional 
position  determination  capability. 

2.  PRODUCT  TO  EARTH 

Time  and  location  information. 

3.  KEY  OBJECTIVES 

Synchronize  scientific  reference  clocks  world-wide;  enable  mobile 
units  to  determine  their  location  accurately. 

4.  PRINCIPAL  CONTRIBUTIONS 

Facilitate  research  into  real  time  dependent  physical  and  astronomical 
phenomena;  enable  precise  navigation. 

5.  LEVEL  OF  CONTRIBUTIONS 

GPS  satellite  network  being  Implemented.  Major  benefits  will  stem  from 
reducing  size,  weight  complexity  and  cost  of  ground  portion.  Benefit  potential 
many  times  anticipated  cost. 

6.  UNIQUENESS  OF  CONTRIBUTION 

Output  as  PIP  on  CSI/reference  map  format  or  via  X-Y  plotter  on  refer- 
ence chart.  Accurate,  reliable,  relatively  inexpensive  in  large  quantities. 

7.  TIME  FACTOR 

Near  term  1980  - 1985. 

8.  PRINCIPAL  INSTALLATIONS 

Boats,  ships,  aircraft,  cross-country  vehicles  for  navigation;  major 
8cientlc  institutions/astronomical  observatories  for  time  reference. 
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ORIGINAL  FAGEte 

OF  POOR  QUAUl® 


9.  PRINCIPAL  FUNCTIONAL  UNITS 


Ground  - standardized  IC  computer  for  basic  location  determination; 

output  coupled  to  various  display  systems. 

Space  - GPS  constellation. 

10.  PRINCIPAL  TECHNOLOGIES 

Reliable,  low-cost,  mass-produced  ground  units. 

11 . IMPACT  SPECTRUM 

Very  widespread. 

Military  - Accurate  weapon  delivery. 

Political  - Reduction  if  inadertent  territorial  violations. 

Societal  - Ease  of  geographical  position  determination,  thus, 
reduction  of  "lost"  aircraft  and  boats. 

12.  FRONT-END  CAPITAL 

Minimal  - GPS  being  implemented.  Development  of  low-cost  ground  units: 
$1  M - $10  M.  Unit  cost:  $100  - $200. 
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7.  IMPLANTED  SENSOR  DATA  COLLECTOR 

1.  GENERAL  OBJECTIVE 

To  provide  the  service  of  receiving  data  from  any  earth  source  and 
returning  appropriate  information  to  the  customer. 

2.  PRODUCT  TO  EARTH 

Timely  accurate,  processed  information.  Examples  are: 

a.  Read-out  of  water  level  sensors  for  control  of  dam  gates 

b.  Emergency  help  to  someone  in  distress 

c.  Sensors  in  cows  to  tell  when  they  are  in-heat  for  artificial 
insemination 

d.  Environmental  data  from  remote  or  ocean  locations 

e.  Fire  warnings  from  heat  or  smoke  sensors 

f.  Burgler  or  vandalism  warnings  from  entry  or  noise  sensors 

g.  Sensors  throughout  a huge  strip-mining  machine  (operating  on  a 
winter  night  in  Montana)  sending  up  data  to  be  processed  on  a 
large  computer  to  warn  of  an  impending  failure 

. lb 

h.  etc.,  etc.,  etc.  ^TV 

3.  KEY  OBJECTIVES 

To  open  up  a profitable  service  whereby  we  could  use  one  satellite 
system  and  get  paid  by  a multiplicity  of  users.  It  would  also  open  up  a 
wide  variety  of  small  businesses  and  jobs  on  earth  as  more  and  more  ideas 
for  products  and  services  could  be  keyed  to  this  capability. 

4.  PRINCIPAL  CONTRIBUTIONS 

The  service  of  receiving  almost  any  kind  of  data  from  anywhere 
within  the  covered  region  (like  continental  United  States  of  America)  and 

either  relaying  it  on  to  its  user  and/or  providing  time  share  computer 
power  to  convert  the  data  to  information  directly  to  the  user. 
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5.  LEVEL  OF  CONTRIBUTION 

This  depends  on  the  economics  of  sharing  the  service  across  a large 
number  of  users.  For  each  user,  their  function  could  be  done  with  their 
own  radio  or  wire  links,  their  own  computers,  etc.  However,  if  the  space 
service  were  offered,  there  is  a strong  probability  that  ingenious  uses 
would  multiply  rapidly.  In  such  a case,  this  could  become  a multi-million 
dollar  service  function. 

6.  UNIQUENESS  OF  CONTRIBUTION 

It  is  difficult  to  interconnect  moving  things  wlhh  the  bandwidth  and 
all  sorts  of  hills,  buildings,  etc.,  in  the  way.  Hard  wire  is  out  of  the 
question  for  things  like  combines,  earth  movers,  etc.  For  stationary 
things,  direct-wire  to  earth  computers  are  difficult  to  compete  with, 
particularly  in  cities.  Outside  cities,  there  may  be  economies  in  a space 
link,  but  you  could  nearly  always  put  in  a hard  wire. 

7.  TIME  FACTOR 
Mid  1980's. 

8.  PRINCIPAL  INSTALLATION 

The  space  portion  is  basically  a large  antenna,  perhaps  including  a 
large  computer.  The  ground  portion  is  a multiplicity  of  users,  each  with 
a small  transmitter/antenna.  (Does  not  need  to  be  as  small  as  a wrist 
radio/telephone. ) 

9.  PRINCIPAL  FUNCTIONAL  UNITS 

Antenna-like  large  structure  in  space,  probably  unmanned. 

10.  PRINCIPAL  TECHNOLOGIES 

Large  structures,  computers,  coding/decoding  to  make  maximum  use  of 
scarce  bandwidth.  Minimum  cost  ground  transmitters. 
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U.  IMPACT  SPECTRUM 

No  significant  impact. 
12.  FRONT-END  CAPITAL  (TBD) 


58 


ORIGINAL 
OF  POOR  QUAUTO 


8.  nmtCnal  ojpdhmmtcn  services 


1.0  GENERAL  OBJECTIVE:  National  Infonnation  Services 

The  percentage  of  human  time  wasted  in  re-inventing  wheels  is  incalcul- 
able; this  is  less  due  to  ignorance  of  existing  solutions  than  to  lack  of 
knowledge  of  where  to  find  infonnation  about  these  solutions.  All  manner  of 
ground  information  banks  exist,  and  continue  to  proliferate.  What  is  needed 
is  a directory  keyed  to  the  user's  problem  description. 

Such  a directory  could  be  implemented  on  the  ground,  using  a geosync 
relay;  however,  each  inquiry  would  then  require  four  channels,  two  up  and  two 
down.  If  the  directory  were  installed  in  the  satellite,  only  one  half-duplex 
channel  per  user  is  needed.  To  serve  the  public,  several  hundred  channels 
would  be  required  simultaneously.  Each  channel  would  have  its  own  micro- 
processor to  access  one  common  mass  memory.  Updating,  file  maintenance, 
purging,  etc.,  could  be  uplinked  perhaps  once  a day. 

2.0  PRODUCT  TO  EARTH: 

Rapid  access  to  sources  of  data  relevent  to  all  levels  of  technical,  social, 
environmental  and  other  concerns.  Data  banks  exist  at  numerous  governmental 
agencies,  universities,  and  commercial  operations  that  can  be  made  available, 

i 

for  a nominal  fee,  to  those  individuals  who  are  attempting  to  evaluate  a problem 
situation  and  formulate  an  optimum,  feasible  solution. 

3.0  KEY  OBJECTIVE: 

Provide  a common,  easily  available  directory  similar  to  the  Federal  Informa- 
tion Center  (Los  Angeles);  a telephone  call  will  receive  infonnation  on  where  to 
find  the  desired  service,  what  agency,  telephone  numbers,  mail  addresses, 
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application  forms,  etc.  Expand  this  concept  to  include  civilian  and  commercial 
data  banks,  and  include  sufficient  automatic  data  processing  for  file  search  and 
retrieval  (analogous  to  a library's  card  catalog  or  periodical  indexes). 

-4.0  PRINCIPAL  CONTRIBUTION: 

Provides  a single  reference  source  wherein  available  knowledge  can  be 
readily  accessed  by  any  individual. 

5.0  LEVEL  OF  CONTRIBUTION: 

Usable  by  anyone  with  access  to  an  "intelligent  terminal"connected  to 
local  ground  communications  terminal. 

6.0  UNIQUENESS  OF  CONTRIBUTION: 

Combines  in  one  address  many  data  sources  that  exist,  but  are  not 
generally  known.  Example:  Few'users’  of  earth  observation  data  are  aware 
that  there  is  a National  E.O.  data  bank  in  South  Dakota  and  that  copies  of 
LANDSAT-type  data  (false  color  photographs)  can  be  obtained  from  there.  The 
utilization  potential  of  these  data  is  enormous,  but  will  not  be  realized  untK 
the  concerned  users  (individual)  know  about  it,  and  how  to  get  it. 

7.0  TIME  FACTOR: 

Ground-based  central  directory  (programming)  about  five  years;  transfer 
to  geosync  facility  by  1990;  expansion  to  full  commercialization  by  2000. 

8.0  PRINCIPAL  INSTALLATION: 

Centralized  directory  file  preparation. 

9.0  PRINCIPAL  FUNCTIONAL  UNITS; 

Space,  geosync  automatic  directory;  ground,  directory  update  facility. 
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10.0  PRINCIPAL  TECHNOLOGY: 


Information  management;  develop  universal  file  search  and  retrieval  syntax. 


11.0  IMPACT  SPECTRUM: 


Technology: 

Economy: 


Environment: 

Social: 

Political: 


Within  present  state-of-the-art. 

Increased  productivity  by  avoiding  redundant  work. 
Potential  commercial  (not  Government)  operation 
utilizing  DOMSAT-relay  in  initial  stages.  Employ- 
ment of  large  numbers  of  personnel  to  collect, 
abstract  and  develop  the  directory. 

No  impact. 

No  impact. 

Would  improve  visibility  of  Government  services , 
and  relate  use  of  public  tax  funds  to  individual 
benefits . 


12.0  FRONT-END  CAPITAL: 

Directory  data  base,  about  $500M;  Geosync  Directory,  about  twice 
that,  of  a DOM  SAT  relay. 
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INFORMATION  EXCHANGE 
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9.  PERSONAL  COMMUNICATIONS  (WRIST  RADIO) 


1.  General  Objective:  Provide  personal  communications  capabilities  to  all 

Interested  Americans  or  at  least  a significant  fraction  of  the  general  public. 

2.  Product  to  Earth:  Communication  capabilities  of  unpreci den ted:  power  and 

flexibility. 

3.  Key  Objectives:  To  allow  any  user  to  communicate  with  his  colleagues  on  a 

nearly  instantaneous  basis  even  if  their  exact  locations  are  unknown.  Also 
to  open  up  nationwide  services  such  as  library  information  to  a broad 
segment  of  the  general  public. 

4.  Principal  Contributions:  Nearly  Instantaneous  communications  with  friends 

and  colleagues  even  under  relatively  adverse  conditions. 

5.  Level  of  Contributions:  Initial  system  would  serve  approximately  2.5  million 

users  at  an  average  usage  rate  of  5 percent.  Later  system  could  serve  the 
entire  American  population,  provided  sufficient  bandwidth  can  be  obtained. 

6.  Uniqueness  of  Contribution:  Terrestrial  communication  links  could  provide 

some  of  the  envisioned  services,  however,  it  does  not  seem  possible  to 
Install  a nationwide  system  at  a reasonable  cost  without  satellite  relay 

1 inks. 

7.  Time  Factor:  Initial  system  could  be  available  in  the  1985  time  frame. 

Full,  nationwide  system  could  be  operational  by  1990. 

8.  Principal  Installations:  Large  array  of  multibeam  antennas (approximately 

200  feet  in  diameter)  located  in  a geosynchronous  orbit.  Initial  system 
would  require  3 to  5 antennas;  the  nationwide  system  may  require  as  many 

as  30  antennas  of  similar  size.  Raw  power  * approximately  3 watts  per  user. 
This,  In  turn,  necessitates  a solar  collector  of  approximately  65,000  ft2 
per  antenna.  _ 

OF  VO<*  « 
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9.  Principal  Functional  Units:  Principal  space  units  consist  of  one  or  more 

large,  multibeam  antennas  which  relay  messages  to  various  points  within 
the  continental  United  States.  The  antennas  will  likely  be  rigidly 
attached  to  facilitate  mutual  message  exchanges.  However,  they  could, 
instead,  be  electronically  crossl inked. 

10.  Principal  Technologies;  The  principal  technologies  necessary  to  make  the 
system  operate  include  complicated  switching  electronics,  large  multibeam 
antennas,  accurage  figure  control  methodology,  and  advanced  thermal  control 
techniques. 

11.  impact  Spectrum:  Spectrum  availability  will  constitute  one  of  the  major 

socio-economic  problems  associated  with  the  persona)  communications  system. 
The  full-service  system  could  require  a bandwidth  of  500  megahertz  or  more. 
Theoretically,  this  much  of  the  spectrum  could  be  used  for  the  envisioned 
purposes,  but  this  would  require  delicate  international  negotiations. 
Political  conflicts  with  existing  communications  carries,  such  as  AT&T, 
also  seem  likely  to  many  observers. 

12.  Front-End  Capital:  To  first  prototype,  $500  M. 
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10.  HECXKHIC  MAIL  SERVICE 


1.0  GENERAL  OBJECTIVE: 

Analysis  of  the  existing  postal  content  indicates  that  the  personal  letter 
is  one  of  the  least  components,  and  the  bulk  of  what  is  in  the  mailbox  are 
commercial  notices,  legal  documents  and  advertisements.  A . 'gnificant  com- 
ponent consists  of  magazine/newspapers.  Dependence  upon  surface  mail 
transport  for  documents  is  costly  and  somewhat  less  than  dependable. 

An  extension  of  facsimile  reproduction,  if  brought  to  the  level  of  the 
individual  home^  or  office  would  fulfill  the  majority  of  the  requirements  although 

t 

II 

some  security  precautions  would  be  needed  to  establish  true-copy  legality 

for  some.  However,  mass  mailing,  subscription  material  (magazines,  newspapers) 

could  literally  be  delivered  automatically  and  concurrently  to  every  residence 

with  one  transmission.  ORIGINAL  PAGE  lb 

2 . 0 PRODUCT  TO  EARTH:  QUALITY 

Considerable  savings  in  information  distribution  costs,  manpower,  fuel, 
increased  productivity,  user  can  select  what  to  receive  and  copy. 

3.0  KEY  OBJECTIVES: 

Establish  meaningful  transfer  of  information  at  high  efficiency;  positive 

transmission  of  documents  by  electronic,  not  material  means,  direct  from  sender 

to  receiver;  eliminate  waste  of  costs  and  resources  for  unneceFsary"shotgun"  mail 

distribution,  while  assuring  that  receivers  who  want  the  material  will  receive  it, 

and  only  that  which  they  want.  Extension  to  international  mail  is  obvious. 

Using  cable  television  techniques,  a number  of  nail  collection/distribution 

centers  would  link  the  many  recipients  to  the  many  senders  via  a high  capacity 

satellite  relay.  The  two  terminal  ends  would  be  an  "intelligent"  facsimile  device. 

Digital  signal  processing  at  the  centers  would  combine  the  originators  "mailing 

list"  to  the  recipients  "interest  profile",  thereby  assuring  that  only  those 
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concerned  in  the  document  content  are  linked. 

4.0  PRINCIPAL  CONTRIBUTIONS: 

Replacing  physical  transport  of  printed  material  by  electronic  methods 
may  be  the  only  way  to  rescue  the  USPS  from  its  presently  deteriorating  state. 
Large  quantities  of  papar  (waste  disposal),  gasoline  (aircraft,  trucks)  and 
under-utilized  manpower  are  required  to  operate  the  existing  system.  Zip  code, 
automatic  sorting  and  regional  centers  are  inadequate  bandaids  to  cover  up  the 
nearly  unsupportable  task  of  distributing. many  billions  of  pieces  of  paper  each 
year. 

5.0  LEVEL  OF  CONTRIBUTION: 

The  Electronic  Mail  concept  would  link  every  individual  to  any  other 
individual  or  selected  groups  of  individuals.  All  the  present  USPS  services 
(except  parcel  post)  would  be  accommodated  within  hours,  rather  than  days,  In  i 
non- polluting , material-resource-free  form.  Electronic  forms  replace  nearly  all 
printed  information  media. 

6.0  UNIQUENESS  OF  CONTRIBUTION: 

Electronic  mail,  in  this  concept,  would  provide  more  rapid,  certain 
and  secure  delivery  of  information.  No  outside  parties  handle  any  communication; 
letters,  bills,  newspapers , etc. , move  from  magnetic  tape  to  magnetic  tape 
(a  re-useable  media).  The  recipient  reviews  the  message  on  a TV  screen,  and, 
if  a file  copy  Is  desired,  causes  an  output  to  a separate  file  tape  on  to  a micro- 
fiche record  (C.O.M.). 

Billing  statements  and  payments  are  also  electronic;  magazines  and  news- 
papers are  scrambled  so  that  only  those  who  have  paid  for  a subscription  can 
receive  it.  Advertising  (junh  mail)  is  limited  to  those  subscribers  who  have 
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indicated  an  "interest  profile".  Private  mall  is  address-coded  so  only  the 


recipient  with  that  code  can  read  the  message. 

7.0  TIME  FACTOR; 

Complete  linkage,  within  a given  area,  inside  of  five  years:  about  the 
same  time  to  install  a cable  TV  system'*!  Actual  rate  of  expansion  would  be 
determined  by  the  community's  acceptance  and  willingness  to  subscribe  to 

f 

this  service.  Satellite  linkage,  point-to-point  between  the  CTV  centers 
could  use  existing  DOMSAT  or  SBS  systems.  On-going  experiment  in  Japan, 
using  fibre-optic  cable,  will  provide  evaluation  of  feasibility,  cost  and 
customer  acceptance. 

8. 0/9.0  PRINCIPAL  INSTALLATIONS  AND  FUNCTIONAL  UNITS: 

Space:  One  or  more  SBS  satellites. 

Ground:  1000  ground  collection,  switching  and  distribution 

centers  (commercial)  through  which  the  USPS  may 
lease  one  or  more  time-shared  channels  for  first- 
class  mail. 

Ground,  Subscriber:  Approx.  60  x 10®  households,  and  10  x 10® 
business  operations  would  utilize  "Intelligent 
Terminals". 

10.0  PRINCIPAL  TECHNOIOGIES: 

Expanded  channel  relay  satellites;  automatic  sort,  switch  and  forward 
processors;  minor  expansion  of  computer  terminal  capabilities;  development 
of  fibre-optic  cable  systems. 
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IMPACT  SPECTRUM 


Technology 

Economy 


Environment 

Social 


Within  state  of  design. 

Large  number  of  jobs  for  CTV  suppliers,  Installers, 
and  operators;  full  USA-system  would  require  nc 
subsidy,  perform  more  satisfactorily,  and  Increase 
productivity  for  all  nonmanual  labor  operations:  a 
letter  could  be  transmitted  and  a reply  received 
within  hours  rather  than  days.  Postal  workers  re- 
trained as  operators  and  maintenance. 

System  could  save  at  least  $1.6  billion  per  year 
(present  I'SPS  subsidy),  millions  of  man-hours,  save 
fuel,  relieve  physical  transport  facilities,  etc. 
Present  USPS  could  concentrate  on  parcel  post  problem 
(16  billion  packages  per  year). 

Considerable  reduction  In  paper  production  and  dis- 
posal; large  reduction  In  fuel  requirements. 
Installation  of  "wired  city"  plus  satellites  for 
long-distance  relay,  with  Intelligent  Terminals  In 
every  home,  would  also  provide  the  capability  for 
"education  at  home,"  "commuting  by  satellite," 
"information  exchange,"  end  remote  access  to  computer 
power,  etc. 

Temporary  dislocation  of  postal  staff,  producers 
of  paper  and  printing  presses  lose  markets,  truck 
manufacturers  and  fuel  suppliers  would  all  be 
affected,  temporarily. 

original  page  is 

OF  POOR  QUALITY 
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Political  USPS  monopoly  on  handling  first  class  mall  would 

be  upset;  AT&T,  IBM,  and  digital  processor  manu- 
facturers (like  Collins)  would  react;  paper  suppliers, 
printing  plants,  and  stamp  collectors  would.be  upset. 
Congressman  (free  franking  privilege)  would  demand 
equivalent  service.  Except  for  protestations  from 
unions  and  suppliers  noted,  no  Internal  political 
Impact  Is  seen;  International  aspects  would  Improve 
as  communication  (mall)  Is  extended  to  other  nations. 

Scientific  No  impact. 

12.  CAPITAL  TO  IOC 

No  governmental  funds  required;  total  system  would  be  commercial. 

USPS  retains  monopoly  on  first-class  mail  by  leasing  channels.  Equivalent 
to  Installing  one  pay  TV  net  per  post  office;  terminals,  about  as  much  as 
development  cost  of  a minicomputer  (have  no  clear  data,  but  would  be  like 
$4  to  $10  M.  Production  facility  might  require  another  $25  M.  Retail  price 
should  be  less  than  $5U0. 


11.  MEDICAL  AID  AND  INFORMATION  - U.S. 


1.0  GENERAL  OBJECTIVE: 

To  provide  primary  health  care  services  to  remote  areas  without  access 
to  hospital  facilities  or  in-residence  medical  doctors.  A recent  survey  indicates 
that  over  100  counties  in  the  USA  have  no  resident  physician. 

2.0  PRODUCT  TO  EARTH: 

A major  part  of  primary  diagnosis  and  treatment  can  be  delivered  by 
paramedic  personnel  on-site  with  advice  and  guidance  from  centrally-located 

* 

experts.  A maxim  of  medicine  is  that  recovery  is  greatly  enhanced  by  initiating 
treatment  as  early  as  possible  to  "stabilize"  the  patient;  a complete  diagnosis 
and  recovery  can  then  be  made.  By  utilizing  widely-distributed  paramedics,  or 
"physician  assistants",  health  care  can  be  brought  to  the  victim  rather  than 
requiring  the  victim  to  come  to  a distant  medical  facility. 

3.0  KEY  OBJECTIVE: 

Provide  an  accessible  communication  link  (relay  satellite)  between  widely- 
dispersed  paramedical  personnel  and  the  limited  number  of  profess  1 medical 
specialists  located  in  centralized  hospitals.  Provide  training  for  many  additional 
physician  assistants  for  assignment  to  remote  areas. 

4.0  PRINCIPAL  CONTRIBUTIONS: 

Provision  of  primary  medical  observation  and  treatment  to  areas  where  none 
now  exists.  Present  paramedic  teams  provide  good  service  to  densely  populated 
urban/suburban  areas;  extension  to  thinly-populated  areas  is  limited  by  transporta- 
tion and  communication  obstacles.  Availability  of  communications  unlimited  by 
wire  or  line-of-sight  capabilities  allows  distribution  of  personnel  to  remote  areas. 


t 
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5 . 0 LEVEL  OF  CONTRIBUTION: 

Direct  delivery  of  help  and  treatment  to  the  patient  or  victim.  Present 
system  requires  delivery  of  patient  to  a distent  treatment  center;  patients  who 
are  seriously  ill,  or  accident  victims,  may  not  survive  the  transportation  and 
delay. 

6.0  UNIQUENESS  OF  CONTRIBUTION: 

Improvement  of  the  present  system  is  possible  if  a communications  link 
unrestricted  by  geography  or  surface  facilities  is  provided.  A satellite  relay 

« 

does  overcome  geographical  limitations.  EHF  radio  is  limited  by  both  line-of- 
sight  and  atirospheric  attenuation,  but  is  more  than  adequate  to  reach  a synchronous 
satellite . 

7.0  TIME  FACTOR: 

) 

The  space  element  could  be  in  place  by  1985;  the  dispersed  paramedics 
could  also  be  trained  and  in  place  by  this  time.  Extension  to  other  nations 
(using  additional  satellites)  would  be  governed  by  the  demand  for  similar  cap- 
abilities . 

8.0  PRINCIPAL  INSTALLATION: 

Space  Relay  Satellite  with  multi-lobe  "spot-beam"  antenna.  Two-way 
linkage  at  high  frequencies  reduces  size  of  antenna  and  total  power  needed. 


Antenna  Diameter: 

15  feet 

No.  of  Lobes; 

100 

No.  of  Channels/Lobe: 

10 

Ban*.  vidth/Channel; 

15  kHz 

Power-gain/Channel : 

30  db 
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Prime  Power:  5 kW 

Orbit:  Synchronous,  Equatorial 

Ground:  Paramedic  ground  transmitter  must  be  light  and  battery- 

powered.  Voice,  narrow-band  data  capability  is  required.  Base 

station  is  similar  but  multiplexed  to  serve  several  paramedics  simul- 

' ^neously . 

Antenna  Diameter  1 foot 

Bandwidth  15  kHz- 

Power-gain/Channel  30  db 

Prime  Power  10  watts 


9.0  PRINCIPAL  FUNCTIONAL  UNITS 
Space:  1 to  10  satellites 

Ground:  50,000  paramedics  (one  per  5000  population)  tied  to  103 

regional  hospitals  (most  already  exist  but  need  to  add  the  emergency- 
response  capability). 

10.0  PRINCIPAL  TECHNOLOGIES 


RF  system  design,  multi-lobe  antenna  development;  ground  terminal  design. 


11.0  IMPACT  SPECTRUM. 

Technology:  Existing 

Economy:  Employment  for  50 , 000  paramedics , manufacturing  jobs 

to  build  terminals,  greater  utilization  of  medical  supplies. 

Environment:  No  impact. 

Social:  Improvement  in  patient  survival  and  rate  of  recovery; 

provide  health  service  to  large  segments  of  population  that  have  none  at 

present. 
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12.0 


Political:  Greater  benefit  to  taxpayer  than  National  Health 

Insurance;  should  be  welcomed  by  A.M.A.  to  avoid  nationalization 
of  doctors'  services.  International  (global)  operations  would  enhance 
relationships  with  developing  countries. 

Scientific:  Interchange  of  medical  treatment  methods  between 

cultures  would  spread  scientific  knowledge  rapidly. 

CAPITAL  TO  L.O.C. 


Space  Element: 
Paramedic  Terminals: 
Base  Terminals: 
Paramedic  Training: 


(one)  $500M 
(@$10K)  $500M 

(@  $50K)  $5M 

(@  $ 2 0 K)  $ 1000M 
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Geosynchronous  Multichannel  Relay 


LOCAL  PARAMEDIC  EQUIPMENT  CENTRAL  MEDICAL  FACILITY 


12.  OIL/ MINERAL  LOCATION 


1 . GENERAL  OBJECTIVE 

As  oil  and  other  mineral  resources  become  scarce,  it  is  imperative 
that  new  techniques  be  found  to  increase  our  capability  to  locate  these  minerals. 
The  proposed  system  would  greatly  enhance  our  capability  to  locate  these  ever- 
dwindling  resources. 

2 . PRODUCT  TO  EARTH 

Image  negatives  at  a wide  variety  of  wavelengths. 

3 . KEY  OBJECTIVES 

To  provide  multi-spectral  analysis  of  the  earth  to  determine  the  location 
of  geologic  formations,  structures,  and  lineaments  in  order  to  locate  possible 
reservoirs  of  oil,  gas,  as  well  as  zones  of  mineralization. 

4.  PRINCIPAL  CONTRIBUTIONS 

This  system  will  provide  a quick,  efficient,  and  less  expensive  means 

of  locating  resources.  ORIGINAL  PAGE  IS 

OP  POOR  QUALITY 

5 . LEVEL  OF  CONTRIBUTIONS 

There  is  a definite  need  to  increase  land-surface  coverage  and  the  detail 

of  this  coverage  in  order  to  increase  our  mineral  exploration  capability.  The 

needs  can  be  met  quite  easily  using  a resource-evaluation  satellite(s) . 

6.  UNIQUENESS  OF  CONTRIBUTION 

The  trend  in  resource  exploration  is  in  a direction  which  will  rely  more 

and  more  heavily  upon  satellite  reconnaissance.  Satellite  observation  using 

photographs  as  well  as  multi-spectral  scanners  provides  data  which  are  of  such 

quality  that  they  can  be  obtained  by  no  present  alternative.  However,  the 

Thematic  Mapper,  to  be  launched  in  the  mid-1980's,  may  be  a viable  alternative. 
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I 7.  TIME  FACTOR 

The  proposed  system  is  required  as  soon  as  possible.  Our  nations 
, ever-dwindling  energy  supply  requires  an  increase  in  our  capability  to  locate 
these  resources. 

8 . PRINCIPAL  INSTALLATIONS 

The  primary  installations  will  be  space-based  monitors.  Data  acquisition 
will  be  from  space-based  observatories.  However,  earth-based  sensors  can 
be  utilized  in  conjunction  with  the  space-based  monitors. 

9 . PRINCIPAL  FUNCTIONAL  UNITS 

Space-based  functional  units  may  be  manned  or  unmanned  obsen  ion 
platform(s).  The  earth-based  sensors  may  be  useful  in  accumulating  certain 
data  which  can  then  be  transmitted  via  satellite  to  a central  ground  station. 

10 . PRINCIPAL  TECHNOLOGIES 

Technological  advances  are  required  to  expand  the  capability  to  differ- 
entiate rock  types,  soil  composition  and  geologic  structures. 

11.  IMPACT  SPECTRUM 

The  spin-offs  of  this  system  could  be  numerous . The  detectability  of  a 
large  variety  of  phenomenon  could  result  from  the  technological  advances 
required  for  this  proposal. 

This  proposal  could  significantly  enhance  the  U.S.  energy  reserve  and 
will  have  a positive  impact  on  environmental  concerns. 

12 . FRONT-END  CAPITAL 

Satellite  development  and  production  $200M 

Launch  (0°)  VAF3  24 M 
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Ground  service 


$ 10-50M 


Transportation  (Shuttle  flights  to  retrieve  film) 


100M 


Processing  of  data 


50M 


13.  CROP  MEASUREMENT 


1.  GENERAL  OBJECTIVE 

To  evaluate  the  physical  extent,  maturity,  and  health  of  various  crops. 

2.  PRODUCT  TO  EARTH 

Photographic  negatives  and  oultispectral  prints  In  a variety  of  fre- 
quencies to  allow  for  crop  analysis. 

3.  KEY  OBJECTIVE 

The  proposed  system  will  provide  a quick,  efficient,  and  accurate  means 
of  monitoring  the  stage  of  development  of  crops  as  well  as  the  detection  of 
crop  diseases. 

4.  KEY  OBJECTIVE 

The  proposed  system  will  contribute  significantly  to  man's  ability  to 
control,  regulate,  and  monitor  the  development  of!  crops. 

5.  LEVEL  OF  CONTRIBUTIONS 

Millions  of  dollars  are  lost  every  year  due  to  the  late  detection  of 
disease  and  Insect  Infestation,  as  well  as  the  unexpected  surplus  of  crops. 
The  proposed  system  would  greatly  enhance  man's  capability  to  reduce  these 
loses. 

6.  UNIQUENESS  OF  CONTRIBUTIONS 

Outer  space  provides  a unique  opportunity  to  observe  and  analyze  vast 
areas  of  crops  using  a variety  of  sensors.  This  capability  Is  available  on 
a limited  basis  from  LANDSAT  data.  The  Tktmatlc  Mapper,  to  be  launched 
in  the  mld-1980's  will  Increase  these  capabilities. 

7.  TIME  FACTOR 

This  system  should  be  Implemented  as  soon  as  possibly 
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8.  PRINCIPAL  INSTALLATIONS 


Th«  principal  installations  would  be  apace-based  and  consist  of  orbiting 
observatories  that  would  transmit  multlspectral  data.  The  photographic  nega- 
tives would  be  retrieved  by  Shuttle  flights. 

9.  PRINCIPAL  FUNCTIONAL  UNITS 

No  supporting  units  required.  However,  ground  truthing  will  be  required 
to  enhance  evaluation. 

10.  PRINCIPAL  TECHNOLOGIES 

Critical  technologies  will  be  required  in  the  area  of  remote  sensing 
in  order  to  better  differentiate  crops  and  evaluate  their  maturity  and  health . 

11.  IMPACT  SPECTRUM 

Technologically  and  sdentflcally  this  system  would  require  advancement 
of  the  state-of-the-art  of  remote  sensing  that  would  positively  impact  the 
area  of  mineral  exploration. 

Socially,  politically,  and  economically  the  proposed  system  would  have 
benefits.  In  general,  it  would  allow  better  crop  utilization  and  therefore 
maintain  a more  stable  price  system  for  agricultural  goods. 

12.  FRONT-END  CAPITAL 


Satellite  development  and  production 

$200 

M 

Launch  (0°)  VAFB 

$24 

M 

Ground  Service 

$10  - 

$50  M 

Transportation  (Shuttle  flights  to 

$100 

M 

retrieve  film) 

Processing  of  data 

$50 

M 

SO 


14.  OCEAN  RESOURCES  AND  DYNAMICS 


J - GENERAL  OBJECTIVE 

The  world's  oceans,  comprising  almost  70  percent  of  the  surface,  repre- 
sent a vi.et  source  of  food,  minerals,  and  chemicals  virtually  untapped  today, 
but  essential  In  the  future.  Knowledge  of  fish  feeding  grounds,  migratory 
habits,  and  ocean  currents  Is  sparse.  Sensing  ocean  surface  conditions 
(temperature,  ealsslvlty,  and  various  wavebands  from  IR  to  visible)  can  locate 
schools  of  fish,  plankton,  and  currents;  trace  igxatory  herds,  etc.  A near- 
earth  space  observation  platform  would  provide  this  exploratory  data. 

2.  PRODUC'..:  TC  EARTH 

An  Increase  In  production  of  protein  by  location  and  (potential)  manage- 
ment of  sea  life;  knowledge  of  sea  currents,  both  vertical  upwel's  and 
horizontal  movement;  and  Identification  of  kelp  and  seaweed  areas  for  harvest- 
ing. 

3.  KEY  OBJECTIVES 

Provide  an  observation  platform  to  survey  and  map  ocean  areas,  currents, 
and  resource  areas;  Improve  world  food  production  by  Identifying  fish  feeding 
areas  and  time  of  year  when  present;  and  establish  resource  management  and 
conservation  procedures  to  avoid  overfishing  certain  species  and  areas. 

4.  PRINCIPLE  CONTRIBUTION 

Increased  knowledge  of  this  vast,  largely  unknown  resource  will  permit 
gre?ter  (and  better)  exploitation  for  increasing  human  needs. 

5.  LEVEL  OF  CONTRIBUTION 

Guidance  to  all  sea-harvesting  nations  to  t^.e  mos::  productive  local 
areas;  present  fish  harvesting  technology  as  "hunt  «»r«.til  found,"  relying 
upon  past  experience  (seldom  shared)  of  Individual  fishermen. 


6.  UNIQUENESS  OF  CONTRIBUTION 


Exploration  and  monitoring  via  satellite  provides  data  in  near  real 
time  (for  fishing)  and  understanding  of  ocean  dynamics  and  resources  tin- 
obtainable  by  surface  or  air  observation.  One  satellite  could  cover  all 
ocean  areas  every  12  hours. 

7.  TIME  FACTOR 

Unmanned  satellite  could  be  in  place  by  1980;  present  SeaSat  is  proto- 
type. Downlink  data  would  require  a synchronous  data  relay  (such  as  TDRS) 
at  the  same  time. 

8.  PRINCIPLE  INSTALLATION 

(Space  only''  - Satellite  in  300-mile  polar  orbit  with  IR  and  multiband 

sensors;  24  to  30  MHz  downlink  data  rate,  100-foot  surface  resolution,  with 

.002- degree  Centegrade  sensitivity. 

Weight  - j.5,000  pounds 

Size  - 10  x 60  feet 

(erected) 

Raw  power  - 25  kW 

9.  PRINCIPLE  FUMCTIOLAL  UNITS 

Space  - One  satellite,  plus  TDRS  (2). 

Ground  - One  control,  tracking,  and  data  handling  center, 

linked  by  voice/facsimile  to  all  major  and  minor 
fishing  centers  and  fleets. 

10.  PRINCIPLE  TECHNOLOGIES 

. Mu) tispectral  data  reduction,  including  unique  "signature" 
analysis  and  identification. 

. Long-term  cryogenic  cooling  of  long-wave  IR  sensors. 
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11.  IMPACT  SPECTHUM 


. Technology 
. Economy 

. Social 

. Pol^cical 
. Scientific 

. Capital  to 


Extension  of  present  development. 

Generate  world-wide  market  for  fish-location 
service. 

By  increasing  availability  of  protein  (fish)  to 
developing  nations,  their  living  standards,  health 
and  productivity  would  be  improved. 

No  impact  nationally;  international  relations 
would  Improve. 

Much  increased  knowledge  of  ocean  dynamics  would 
help  understand  the  climatic  aspects  of  the 
earth. 

IOC  Space  only  • about  $300  M. 
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15.  WATER  RESOURCE  MAPPING 


1.  GENERAL  OBJECTIVES 

For  third- and  fourth-world  countries  that  are  seeking  to  expand  their 
agricultural,  as  well  as  industrial,  base,  the  availability  of  water  is  of 
paramount  importance.  Water  quality,  quantity,  and  seasonal  variation  all 
bear  on  developmental  decisions.  Synoptic  mapping  via  ground  or  aerial 
surveys  consumes  scarce  resources  and  can  require  years  for  completion. 

2.  PRODUCT  TO  EARTH 

Photography  from  earth  orbit  at  appropriate  frequencies  can  provide  the 
required  data.  The  data  can  be  in  either  film  or  video  signed  format.  Large 
areas  can  be  covered  at  satisfactory  resolution. 

3.  KEY  OBJECTIVES 

Perusal  of  a sample  of  current  development  plans  for  third-and  fourth- 
world  countries  reveals  that  the  conduct  or  water  resource  surveys  is  an 
almost  universal  objective. 

4.  PRINCIPAL  CONTRIBUTIONS 

Water  resource  mapping  from  earth  orbit  would  be  more  economical,  faster 
(once  the  system  is  operative)  than  current  mapping  methods.  Synoptic  changes 
with  the  season  could  be  readily  obtained. 

5.  LEVEL  OF  CONTRIBUTION 

Conventional  aerial  surveys  cost  $200  to  $300  per  square  mile.  If  water 
resource  mapping  satellite  costs  $100  M,  it  would  break  even  in  mapping 
400,000  square  miles,  or  less  than  the  land  area  of  6 of  the  13  fourth-world 
countries. 
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6.  UNIQUENESS  OF  CONTRIBUTION 

Conventional  aerial  or  land  surveys  provide  data  valid  for  the  time 
(i.e. , season)  of  the  survey.  Four-season  coverage  would  quadruple  cost. 
Four-season  or  repetitive  coverage  from  earth  orbit  would  incur  only  marginal 
costs.  LANDSAT  C and  subsequent  Thematic  Mapper  will  contain  required  capa- 
bility. 

7.  TIME  FACTOR 

Near  term,  1980  - 1985. 

8.  PRINCIPAL  INSTALLATION 

One  satellite  in  sun-synchronous  polar  orbit  could  cover  the  entire 
earth  every  14  to  18  days,  depending  on  altitude  and  view  angle.  Because  of 
the  possibility  of  cloud  cover,  several  passes  may  be  required  to  obtain  data. 
Nationals  could  be  trained  to  do  photo  interpretation  and  gather  ground  truth 
data. 

9.  PRINCIPAL  FUNCTIONAL  JUNITS 


Spacecraft 

Constellation  size:  1 

Weight 

200  pounds 

Orbit:  Sun- synchronous 

Power 

1000  watts 

Size 

10  ft.  dia. 
x 15  ft.  lens 

10.  PRINCIPAL  TECHNOLOGIES 

Water-sensitive  sensors  with  high  resolution. 
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11.  IMPACT  SPECTRUM 


• Technical 


• Economic 


• Environmental 


• Social 


• Political 


• Scientific 


System  la  minor  advance  over  existing  technology. 
Applicable  to  other  water-related  missions  (i.e., 
snow-pack  measurement) . 

Need  to  devise  plan  for  financial  reimbursement 
from  user  nations.  Marked  cost  benefit  advantage 
over  current  approaches. 

No  detrimental  effects  other  than  launch  vehicle 
exhaust. 

Conducive  to  accelerated  rate  of  development  of  third- 
and  fourth-world  countries  through  more  efficient 
development  planning. 

Possibly  increased  international  good-will  towards 
the  United  States. 

Serendipitous  discoveries  likely. 


12.  FRONT-END  CAPITAL 


Acquisition  Cost 

Launch  Cost 

Annual  Operating  Cost 


$80  M (LANDSAT  evolution) 

$24  M 

$10  M to  $100  M,  depending  on  number  of  ground 
stations  and  data  processing  support  required. 
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16.  RUNOFF  FORECASTING 


1.  General  Objective 

Snowpack  melting  is  one  of  the  primary  causes  of  floods  in  the  U.S.  In  the 
spring  of  1973  35.000  persons  were  driven  from  their  homes,  and  over  10.000  square 
miles  were  iunmdated  by  flooding  in  the  Miss our i-Hississippi  River  valleys*  The 
damage  incurred  was  estimated  to  be  $<  M.  The  extent  of  flooding  could  have 
been  reduced  by  better  water  management  in  the  dams  along  the  Missouri.  (Fort 
Peck.  Fort  Randall.  Garrison.  Oahe.  Tuttle  Creek  and  Yellowtail).  However, 
better  management  would  require  better  knowledge  of  the  snowpack  and  forecasting  * 
of  the  runoff.  Sncwpack  measurement  from  space  would  provide  essential  data 
for  improved  water  management. 

2.  Product  to  Earth 

Snowpack  measurement  data  and  water  level  in  tributaries  of  major  rivers. 

3.  Key  Objectives 

A.  Reduce  flood  damage  by  drawing  down  dams  in  anticipation  of  runoff. 

B.  Maximize  water  storage  for  irrigation  and  power  generation  within  minimal 
damage  criteria. 

4.  Principal  Contributions 

A.  Reduced  property  damage,  reduced  crop  losses,  reduced  loss  of  life. 

B.  More  accurate  and  timely  data  than  obtainable  by  surface  surveys. 

5.  Level  of  Contribution 

Aerial  surveys  cost  $200  to  $300  per  square  mile.  Several  100.000  square  mile  area 
would  need  to  be  surveyed  each  year  to  manage  the  runoff  on  the  Missourl-Mississippl 
River. 
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6.  Uniqueness  of  Contribution 


Snow pack  measurement  from  orbit  has  been  tested  with  LANDSAT  data  and 
proven  feasible.  Runoff  forecasting  and  water  management  would  require  addi- 
tional , unique  temperature  data  and  stream  water  level  data. 

7.  Time  Factor 

Near  Term:  1980  - .1985 

8.  Principal  Installation 

IVo  satellites  in  sun  synchronous  polar  orbit  could  provide  complete  earth 
coverage  every  7 to  9 days  depending  on  sensor  view  angle  and  satellite  altitude. 

Data  would  be  relayed  to  ground  stations  where  it  would  be  computer  processed 
and  analyzed  by  computer  comparison  with  topographic  data.  Results  would  be 
provided  to  appropriate  government  agencies. 

9.  Principal  Functional  Units 

Constellation  size:  2 Spacecraft: 

Orbit:  500  NMi  circular  polar  Height  2000  lb 

Sun-synchronous  Power  1000  watts 

Size  10  Ft  Dla  X 15  Ft  Len. 

10.  Principal  Technologies 

Temperature  sensors;  wafer  and  snow  sensors 

ORIGINAL  PAGS  lb 

OF  POOR  QUALITY 

11.  Impact  Spectrum 

a.  Technical:  System  is  minor  advance  over  existing  technology 

b.  Economic:  Flood  damage  reduction  by  half  likely.  Market  service  to 

foreign  countries. 

c.  Environmental:  Highly  beneficial  in  alleviating  potential  flood  damage 
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d.  Social:  Reduction  of  crop  and  pasture  land  losses*  Improved  irriga- 

tion and  energy  production  by  improved  water  management. 

e.  Political:  Provide  runoff  forecasts  to  foreign  nations.  Provide  disaster 

assessment  of  onsoon -flooded  regions. 

f.  Scientific:  Serendipitous  discoveries  of  water  sources  likely. 


Front  End  Capital 
Acquisition  Cost 
Launch  Cost 
Annual  Operating  Cost 


$120M  (LANDSAT  evolution) 

$ 24M 

$ $M  to  $20M  depending  a extent  of  service  pro- 


vided 


17.  GLOBAL  EFFECTS  MONITORING 


1.  General  Objective:  To  develop  an  understanding  ...  leading  to  prediction 

and,  perhaps,  even  modification/control  of  the  long-term  dynamics  of 
earth  surface,  atmosphere,  and  magnetosphere,  principally  applying  to 
weather,  climate,  and  RF  communications. 

2.  Product  to  Earth:  Initially,  science  only.  Eventually  the  ability  to  make 

accurate  long-range  forecasts  of  major  wea the r /c 1 i mate  conditions  on  a global 
basis.  Also,  prediction  of  solar-activity-caused  communications  effects. 

3.  Key  Objectives:  The  principal  aspect  of  this  initiative  is  the  Solar 

Terrestrial  Observatory  whose  mission  is  to  investigate  the  coupling  of 
the  solar  activity  to  the  variability  and  dynamics  of  the  earth's 
magnet-  sphere  and  atmosphere.  Added  to  this  (in  this  initiative)  is: 

(a)  if  the  sun/earth  coupling  does  not  explain  it,  what  does?  and, 

(b)  a degree  of  predictability  of  the  sun's  processes  that  do  affect  earth. 

4.  Principal  Contributions:  The  principal  contributions  are  (a)  longer-range 

weather  forecasting,  very  long-range  climate  change  prediction,  possibly 
clues  as  to  how  to  modify  or  control  major  weather/climate-caused  natural 
catastrophes,  and  (b)  more  reliable  RF  communications. 

5-  Level  of  Contributions:  Varies  with  time  and  global  scope,  but  could 

become  significant  to  the  gross  world  product  (i.e.,  possibly  enormous 
impact) . 

6.  Uniqueness  of  Contribution:  Space  is  the  only  vantage  point  for  unfiltered 

viewing  of  the  sun  and  is  a unique  vantage  point  for  observing/measuring 
earth  phenomenon. 

7.  Time  Factor:  1990's  for  major  understanding  (science)  advancements. 

Modification/control  well  into  the  21st  Century. 


8.  Principal  Installations:  The  STO  Is  comprised  of  four  basic  space 


elements: 

(1)  A manned  module  attached  to  the  low  inclination,  low-earth-orb  It 
space  station.  This  module  will  contain  computers  for  processing 
and  analyzing  raw  data  required  from  the  other  spacecraft  (via 
TDRS).  Only  processed  data  will  be  transmitted  to  the  mission 
center  on  earth.  Conceivably,  tapes  containing  selected  raw 
data  could  be  transported  to  earth  on  return  Shuttle  flights. 

The  module  would  be  staffed  by  a crew  of  six. 

(2)  A module  attached  to  the  Public  Service  Platform  in  geosynchronous 
orbit  to  obtain  data  on  solar  variations  on  the  Surface  of  the 
sun,  and  to  make  direct  particle  measurements  of  the  solar  wind 
and  its  variability. 

(3)  A magnetospheric  satellite  in  a high-lncl Ination,  low  earth 
orbit  to  investigate  the  magnetospheric  conditions  that  result 
from  changes  in  the  solar  wind. 

(4)  A network  of  six  solar  wind  satellites  placed  outside  of  the 
magnetosphere  to  obtain  data  on  the  temporal  and  spacial  profile 
of  the  solar  wind. 

Ground  Installations  will  be  basically  the  natural  extrapolation  of  existing 
meaning  and  data  processing  functions,  except  that  world-wide  data  is 
important  to  the  understanding  of  varied  regional  effects. 

9.  Principal  functional  Units:  The  space  station  module  contains:  optical 

instrumentation  for  studies  of  the  sun  and  solar  activity;  optical 
instruments;  lidSr,  aod.radiometry  iastnameats  .for. studies  of ’thelearth' s 
atmosphere;  and  active  instruments  and  particle  measuring  devices  for  studies 
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of  the  magnetosphere.  It  needs  large  enough  crew  to  have  the  Investigations 
occur  around-the-clock.  The  smaller  satellites  are  more  like  0A0  or  0S0 


-rlze  and  complexity. 

10.  Principal  Contributions:  The  new  technologies  are  reasonable  extrapolations 

of  present  state-of-the-art,  particularly  in  lidar,  laser  radars  and  data 
processing  of  doppler  effects,  elastic  scattering,  electromagnetic 
spectrum  and  absorption  signatures.  Other  system  requirements  for  the 
space  station  module  are: 

Power  - 5 kW  average;  20  kW  peak 

Pointing  ~ arc  seconds  for  optical  instruments 

Orientation  - earth -pointing  for  atmospheric  Instruments; 

sun-poir ring  for  solar  Instruments 
Cooling  - cryogenics  for  IR  and  ether  instruments 

Data  - 1 Mbps  peak  (on-board  recoding  and  analysis 

equipment  required! 

Telemetry  - downlink-voice,  real-time  TV,  periodic  data 

transmittal 

uplink  - same  as  above 

Payload  Weight  - unpressurized  - 10,000  kgm 
pressurized  - 3,000  kgm 
Crew  Size  - 2+2  (12-hr  shifts) 


11.  Impact  Spectrum:  Weather  is  a paramount  driver  in  the  dally  lives  of  most 

of  the  people  of  the  earth.  Certainly  many  losses  of  crops,  buildings,  etc.- 
could  be  saved  with  better  short-range  weather  prediction.  Long-range 
climate  change  prediction  (if  believed)  could  avert,  or  at  least  ml t jdte, 
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major  multi -year  catastrophes  (to  many).  However,  in  such  an  interrelated 
system  as  global  weather  and  climate,  there  will  surely  be  legal  and 
political  Implications. 

12.  Front-End  Capital:  Approximately  $1.0  B. 
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18.  LANDS  AT  D 


1.  General  Objective:  To  establish  feasibility  and  merits  of  high  resolution 

mul tlspectral  scanning  of  earth. 

2.  Product  to  Earth;  Synoptic  earth  data  in  seven  spectral  bands  with 
twice  the  resolution  of  LANDSATS  A,  B or  C. 

3.  Key  Objectives;  Detect  surface  features  - both  permanent  and  transitory 
that  possess  economic  importance. 

Principal  Contributions:  Demonstrate  feasibility  of  acquiring  high 

resolution  earth  data  - which,  when  analyzed,  provides  economic  benefits. 

5.  Level  of  Contributions:  Based  on  LANDSAT  A and  B benefits,  LANDSAT  D 

should  display  benefits  many  times  the  cost. 

6.  Uniqueness  of  Contribution:  Improved  resolution  and  increased  number 

of  bands  (over  prior  LANDSATS)  present  potential  for  earth  resource 
detection  that  tould  exert  major  impact  on  food,  mineral,  and  water 
resources  and  provide  basic  for  improved  management  of  spaceshy  earth's 
resources. 

7.  Time  Factor:  Scheduled  to  be  operational  in  1981. 

8.  Principal  Installations:  Ground  stations  for  receipt  of  data  already 

in  existence. 

9.  Principal  Technologies:  Thematic  mapper  contract  awarded  to  Hughes 

in  February  1977. 

10.  Princ^al  Technologies:  Sensors  (thematic  mapper)  under  development. 

11.  Impact  Spectrum:  Impact  economics  of  all  nations. 

12.  Front-End  Capi tal : Funds  authorized. 
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19.  TOPOGRAPHIC  MAPPING 


1.  u feral  Objective 

Borders  of  many  third-  and  fourth-world  countries  are  ill-defined. 

These  need  to  be  mutually  established  prior  to  Intensive,  detailed  mineral 
resource  mapping.  The  mapping  should  be  ->f  sufficient  quality  to  enable 
1:62,500  (1  mile  to  the  inch)  topographical  mapping.  Topographical  maps  are 
required  for  rational  planning  of  roads,  dams,  irrigation  canals,  airfields, 
etc.  To  map  fourth-world  countr  j like  Chad  (495,000  square  miles),  Ethiopia 
(395,000  square  miles),  Mai3 4  (465,000  square  miles),  Niger  (458,000  square 
miles),  or  Mauritania  (398,000  square  miles)  by  aerial  photography,  approxi- 
mately 7000  photographs  would  be  required  of  each  if  taken  from  an  aircraft 
flying  at  60,000  feet.  In  contrast,  less  than  150  satellite  photographs  would 
be  required.  As  of  August,  1976,  the  only  complete  coverage  of  the  United 
States  is  at  a scale  of  1:250,000  (4  miles  per  inch),  which  is  too  small  for 
many  purposes.  Computer  processing  would  enable  the  automatic  production  of 
topographic  maps  from  satellite  data, 

2.  Product  to  Earth 

Stereophoto  data  (60  percent  overlap)  at  high  resolution. 

3.  Key  Objective 

High-resolrtion  earth  mapping  via  satellite  will  enable  the  construction 
of  detailed  topographic  maps  necessary  to  national  developmental  planning. 

The  topographic  profiles  will  facilitate  geological  surveys  in  search  of  water 
supplies  or  mineral  deposits. 


i 
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4.  Principal  Contributions 


Topographic  data  are  essential  to  effective  planning  of  transportation, 
water  and  energy  systems.  Because  of  the  long  time  and  high  cost  required 
to  gather  such  data  by  conventional  means,  developmental  decisions  in  the 
above  areas  will  be  made  on  fragmentary  or  erroneous  data.  Generation  of 
topographic  data  by  satellites  can  provide  this  data  economically  and  quickly, 
and  1 e cause  of  ^ue  wide  area  covered  by  each  frame,  ground  processing  of  the 
data  reduced. 

5.  Level  of  Contributions 

Conventional  aerial  surveys  cost  on  the  order  of  $200  to  $300  per  square 
mile.  By  spreading  the  cost  of  the  satellite  system  over  the  many  potential 
users,  the  cost  of  obtaining  the  needed  data  should  be  reduced  by  an  order 
of  magnitude.  Computerized  processing  of  the  data  could  make  the  desired  maps 
readily  available. 

6.  Uniqueness  of  Contribution 

No  current  space  system  can  provide  the  required  data. 

7.  Time  Factor 

Near  term,  1980  - 1990. 

8.  Principal  Installations 

A satellite  in  a high  inclination  or  sun-synchronous  orbit  would  be  required. 
Depending  cn  technological  advances,  either  high-resolution  film  - to  be  recovered 
by  the  Shuttle  - or  a high-resolution  video  system  with  either  a very  large  data 
storage  and  high-speed  dump  capacity  (or  possibly  data  rexay  via  satellite)  would 
be  required.  Because  of  the  specialized  nature  of  the  computer  processing  and 
personnel  skills  required,  one  facility  is  envisioned. 
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9.  Principal  Function  Units 


Constellation  size:  1 

Spacecraft: 

Orbit:  Sun-synchronous 

Weight 

3000  lbs 

Power 

2000  watts. 

Size 

14  ft  dla.  x 

Payload : 

20  ft  len. 

Self-loading  camera  and 
film  reels  or  video  scanner 
with  data  storage. 

10.  Principal  Technologies 

High-resolution  video,  large  capacity  data  storage  or  replaceable  film 
storage  and  protection  module  with  automatic  film  loading.  The  video  approach 
is  preferred  because  it  would  eliminate  the  need  for  periodic  Shuttle  support 
missions . 

11.  Impact  Spectrum 
Technical 

Economic 
Environmental 

Social 


- System  is  largely  an  application  of  military 
technology  with  modest  improvements  over  correct 
S-O-T-A. 

Plan  for  amortizing  cost  would  need  to  be  developed. 

- No  detrimental  effects  other  than  launch  vehicle 
exhaust. 

- Conducive  to  more  efficient  development  of  third— 
and  fourth-world  countries  through  improved  develop- 
ment planning. 


97 


Political 


Possible  need  to  establish  international  consortium 
to  acquire  and  process  nationally  sensitive  data. 
Scientific  - Serendipitous  applications  to  geology,  mineral, 

and  water  surveys. 


Front-End  Capital 


Video 

Film 

Acquisition  cost 

$150  M 

$80  M 

Launch  cost 

24 

24 

Annual 

10  - 50 

105  - 150 

(service  90  days) 
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20.  HIGH-RESOLUTION  RESOURCE  SURVEY 


1.  GENERAL  OBJECTIVE 

To  determine  the  best  application  of  various  sections  of  land,  from 
the  point  of  view  of  agriculture,  energy,  recreation,  and  social  needs. 

2.  PRODUCT  TO  EARTH 

Photographic  and/or  multispectral  scans  indicating  soil,  rock  type, 
water  table  depth  and  boundaries,  snow  cover  and  other  pertinent  information 
that  might  affect  land  use. 

3.  KEY  OBJECTIVES 

The  proposed  system  would  provide  a quick,  efficient,  and  accurate 
means  of  performing  land  mapping  and  land  inventory. 

4.  PRINCIPAL  CONTRIBUTIONS 

There  is  an  ever  Increasing  necessity  to  utilize  land  to  Its  best 
capacity.  The  proposed  system  would  allow  efficient,  arge-scale,  as  well 
as  detailed,  evaluation. 

5.  LEVEL  OF  CONTRIBUTIONS 

Many  thousands  of  acres  of  land  are  unused  or  are  used  inefficiently. 
The  proposed  system  would  greatly  reduce  this  waste  of  natural  resource. 

6.  UNIQUENESS  OF  CONTRIBUTION 

Outer  space  provides  a unique  opportunity  to  observe  and  analyze  vast 
areas  of  land  using  a variety  of  sensors.  This  capability  is  not  available 
at  present  and  would  be  especially  useful  to  underdeveloped  countries  of  the 
world.  The  best  alternative  to  the  proposed  system  is  the  Thematic  Mapper 
to  be  launched  in  the  mid-1980 ' s . 
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7.  TIME  FACTOR 


This  system  should  be  implemented  as  soon  as  possible;  the  space  hard- 
ware is  relatively  small  and  compact. 

8.  PRINCIPAL  INSTALLATIONS 

The  principal  installations  would  be  space-based  and  consist  of  orbit- 
ing platforms  that  would  transmit  multisnectral  data.  The  photographic  nega- 
tives would  be  retrieved  by  the  Space  Shuttle. 

9.  PRINCIPAL  FUNCTIONAL  UNITS 

No  supporting  units  required,  although  some  ground  truthlng  may  be 
necessary. 

10.  PRINCIPAL  TECHNOLOGIES 


Critical  technologies  will  be  required  in  the  area  of  remote  sensing 
in  order  to  better  differentiate  soil  types,  moisture,  vegetation,  and  other 
pertinent  characteristics. 

11.  IMPACT  SPECTRUM 


Technologically  and  scientifically  this  system  would  require  advance- 
ment of  the  state-of-the-art  of  remote  sensing  that  would  positively  impact 
the  area  of  mineral  exploration  and  crop  management. 

Socially,  politically  and  economically  the  proposed  system  would  have 
substantial  benefits.  In  general,  it  would  allow  better  land  utilization 
and  provide  for  long-range  planning  as  a result  of  an  accurate  land  capa- 


bility. 

12.  FRONT-END  CAPITAL 

Satellite  development  and  production  $200  M 

Launch  (0*)  VAFB  24  M 

Ground  service  10  - 50  M 

Transportation  (Shuttle  flights  to  retrieve  film)  100  M 

Processing  of  data  50  M 


ORIGINAL  PAUK  lb 
OR  POOR  QUALITY 
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21.  HIGM-RESOLTUION  RADAR  MAPPER 

1.  GENERAL  OBJECTIVE 

Provide  surface  resource  and  napping  data  for  cloud-covered  regions. 

2.  PRODUCT  TO  EARTH 

Synoptic  data  on  mineral  resources,  crops,  rivers,  and  other  geographic 
characteristics  for  areas  where  cloud  cover  precludes  acquisition  of  data 
via  conventional  satellites  or  aircraft. 

3.  KEY  OBJECTIVES 

Provide  developing  nations  with  internal  data  essential  for  their 
national  development. 

4.  PRINCIPAL  CONTRIBUTIONS 

Facilitate  mapping  of  inaccessible  regions  of  developing  countries 
where  perpetual  vegetation  generated  smog,  haze,  fog,  or  clouds  prevent  direct 
observation.  Determine  extent  of  flooding  under  cloud  cover. 

5.  LEVEL  OF  CONTRIBUTION 

Need  additional  data  on  extent  of  cloud-covered  regions  and  proba- 
bility of  observation  by  conventional  satellite. 

6.  UNIQUENESS  OF  CONTRIBUTION 

Competition  from  radar  equipped  mapping  aircraft  needs  to  be  examined 
further  (side-looking  radar , sythetic  aperture) . 

7.  TIME  FACTOR 

1985  - 1990 

8.  PRINCIPAL  INSTALLATIONS 

Because  of  need  for  low  altitude  to  Improve  resolution,  coupled  with 
data  storage  limitations,  ground  stations  (mobile)  need  to  be  provided  in 
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area*  to  be  napped.  TDRS  to  central  receiving  station  is  an  alternative. 

9.  PRINCIPAL  FUNCTIONAL  UNITS 

Ground  - Mobile  data  receiving  stations  equipped  with  internal  power 
generating  units  and  data  processing  facilities.  TDRS  relay  of  data  to 
central  ground  station  is  an  option. 

Space  - High-powered,  radar  equipped  satellite  (1  to  3 gigahertz  fre- 
quency) in  relatively  low  polar  orbit. 

10.  PRINCIPAL  TECHNOLOGIES 

Satellite  - particularly  radar  antenna  and  related  electronics. 

11.  IMPACT  SPECTRUM 

Depends  on  (a)  extent  of  perpetually  cloud-covered  areas;  (b)  need  for 
repetitive  (e.g.,  seasonal)  coverage;  and  (c)  economics  of  radar  coverage 
from  high-flying,  synthetic  aperture  radar-equipped  aircraft. 

12.  FRONT-END  CAPITAL 

Satellite  cost  estimated  at  $500  M 
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ORIGINAL  PAGE  k 
OF  POOR  QUALITY 


Rockwell  International 

Space  Dtvtelon 
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1.  General  Objective: 

}.  Product  to  Earth: 

l 

3.  Key  Objectives: 
l».  Principal  Contribution: 

5.  Level  of  Contribution: 

6.  Uniqueness  of  Contribution: 

7.  Time  Factor: 

8.  Principal  Installation: 

9.  Principal  Functional  Units: 

10.  Principal  Technologies: 

11.  Impact  Spectrum: 

12.  Front-End  Capital: 


22.  ISOENZYMES 

Manufacturing  of  Isoenzyme  Diagnostic  Kits 
for  early/effective  diagnosis  of  disease. 

Extremely  high  efficiency  diagnostic  kits 
for  medical  doctors  to  diagnose  patients. 
Should  be  much  more  effective  In  early 
detection/warning  of  contagious  or  cata- 
strophic diseases. 

To  provide  more  effective  ways  of  combating 
vectors  of  disease/save  lives. 

Unique  bio-chemistry  enabling  medical 
science  to  improve  its  efficiency  in 
diagnosing/curing  patients. 

Each  doctor  in  the  field  or  in  city 
hospitals  will  have  access  to  these 
inexpensive  kits. 

No  way  to  produce  such  a product  on  earth, 
its  amplification  of  effectiveness  must  be 
determined  empirically. 

Early  1980's. 

Near-Earth-Orbit  Manufacturing  Facility: 

(1)  free  flyer,  (2)  space  station,  or 
(3)  space  lab. 

Isoenzyme  (anti-body-type)  vaccine  to  be 
injected  in  patient. 

Separation  of  proteins  (enzymes)  via 
electrophoresis. 

To  be  determined. 

To  be  determined  (will  be  combined  with 
many  other  items) 
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23.  UROKINASE 


1 . GENERAL  CLASSIFICATION: 

Space  manufacturing  of  small,  high-value/low-mass  products. 

2 . GENERAL  OBJECTIVE: 

Manufacturing  of  large  quantities  ( ^ 10  kg/yr)  of  the  organic  catalyst 

enzyme-’urokinase' , for  medical  and  pharmaceutical  industries. 

3.  PRACTICAL  APPLICATION: 

Save  lives.  Dissolves  blood  clots  after  they  have  formed. 

4.  SUBSTANTIATION  OF  IMPORTANT  NEEDS: 

. Key  Objective:  To  cure  victims  of  strokes,  hardening  of  the 

arteries  ...  by  producing  a product  that  will 
disolve  blood  clots  after  they  have  formed. 

. Principal  Contribution:  Will  provide  medicine  with  a unique  product 

to  combat  'blood  clot'  related  diseases. 

. Level  of  Contribution:  Droduction  of  large  amounts  of  'urokinase*  will 

benefit  victims  of  heart  attacks , strokes  , 
phlebitis  . . .7  to  100  times  more  of  the  product 
will  be  possible  in  orbit. 

. Time  Factor:  1981  - 1982. 

. Principal  Installation:  N.E.O.  manufacturing  facility.  (1)  Free  Flyer, 

(2)  Space  Station,  or  (3)  Spacelab. 

. Principal  Functional  Units:  Electrophoretic  separators. 

. Principal  Technology:  Electrophoresis  separation  of  cells. 

5.  IMPACT  SPECTRUM: 

. Technology:  Existing/improvement  in  instrumentation  needed. 
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Economy: 


Pharmaceutical  industry  will  benefit  financially 


. Social: 

. Political: 

. Scientific: 
FRONT-END  CAPITAL: 
STS  Cost:  $25 

. DDT&E  Costs: 
ROI: 


Perhaps  one  percent  of  U.S.  population  will 
benefit.  The  economic  effects  of  a healthy 
work  force  is  difficult  to  quantize,  but  could 
not  help  but  improve  the  economic  condition 
of  the  country. 

Product  to  earth  will  save  more  lives,  create  a 
healthier  society. 

A large  (surplus)  supply  of  this  product  would 
certainly  be  in  demand  worldwide  Would  help 
U.S.  balance-of-trade  (payments). 

Medical  breakthrough. 

$1000/#  ? 

TBD 

TBD 
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24.  INSULIN 


1.  General  Objective:  Supply  insulin  treatment  to  one  million  persons  per 

year  at  lower  cost  to  avoid  the"lnsulin  crisis"  in  which  demand  is  pr.jected 
to  exceed  supply. 

2.  Product  to  Earth;  Cured  insulin  of  human  or  non-human  source  and/or 
tissue  culture  of  insulin  producing  cell. 

3*  Key  Objectives:  Make  available  a cheaper  and  safer  source  of  insulin 

to  overcome  the  limitation  on  insulin  sources. 

4.  Principal  Contributions:  Lew  cost  human  insulin  produced  from  cultures  of 

pancreatic  cel  is. 

5.  Level  of  Contribution:  Over  30,000  people  die  of  diabetes  each  year,  and 

over  one  million  require  daily  doseages.  This  rate  is  increasing  and 
appears  to  be  unchecked. 

6.  Uniqueness  of  Contribution:  Terrestrial  production  Is  limited  in  supply 

efficiency  and  no  human  insulin  is  available  except  for  research  applications. 
Zero-g  environment  seems  to  hold  promise  for  overcoming  these  limitations. 
Insulin  synthesis  is  an  alternative  and  not  practicable  for  production. 

7.  Time  Factor;  Since  insulin  has  FDA  approval,  near-term  aval  lab! 1 1 ty 
depends  mainly  on  the  results  of  proving  of  the  process.  Human  Insulin 
production  by  1985  may  be  achieveable. 

8.  Principal  Installations:  Low  earth  orbit  manufacturing  facility:  (!)  free 

flyer,  (2)  Space  Station,  or  (3)  Spacelab. 

9.  Principal  Functional  Units:  Electrophoretic-separators. 


106 


ORIGINAL  PAGE  Lb 
OF  POOR  QUAUTO 


10.  Technology;  Recrystallization  and  gel  filtration  the  present  method 
of  insulation  purification.  Hie  use  of  electrophoresis  in  space  may 
improve  the  efficiency  of  the  process.  Production  from  pancreatic  cell 
cultures  in  space  may  provide  the  more  desired  source  of  humart  insulin. 

1'..  ttziitar  re  Beard!  leading  towards  production  of  Insulin  by  genetic 
modification  of  E-Col  1 . 

11. }  Impact  Spectrum:  Development  of  entirely  new  process  for  production  of 

insulin.  Save  thousands  of  lives  by  expanding  supply  to  satisfy  the 
foreseen  demand. 

12.  Front-End  Capital:  Space  facility  estimated  at  $100  M.  (Assumes  legacy 

from  on-going  and  precursor  programs). 
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25.  SUPER  LARGE  SCALE  INTEGRATFD  CIRCUITS 


1.  GENERAL  CLASSIFICATION 

Space  manufacturing  of  small  products 

2.  GENERAL  OBJECTIVE 

Manufacture  of  defect  free  substrate  wafers  for  ISIC  chips  and 
computer  storage  applications. 

3.  PRODUCT  TO  EARTH 

Large  scale  integrated  circuit  chips  (LS 1C).  Bubble  memory  devices. 

4.  KEY  OBJECTIVES 

To  provide  the  micro-electronic  industry  with  ultra  hlgh-resolutlon 
photolithography  for  imprinting  circuits  with  line  spacings  measuring  in 
the  millionths  of  an  inch.  Seismic  motions  of  the  earth  inh.~<t  such  small 
separations  of  circuit  lines. 

5.  PRINCIPAL  CONTRIBUTION 

Use  the  vibration-free  environment  of  space  to  perform  such  operations. 
Will  benefit  the  micro-electronic  industry. 

6.  LEVEL  OF  CONTRIBUTION 

Annual  market  assessment  of  the  communications  products  such  as  ATC 
radar,  collision  avoidance  systems  for  aircraft  alone  are  estimated  at 
100  M/yr. 

7.  UNIQUENESS  OF  CONTRIBUTION 

Benefit  communication  needs  (military  and  civilian)  improves  yield 
factor.  Produce  LSIC  with  A/4  -*■  A/2  spacing  for  high  frequency  applications 
Only  way  to  isolate  process  from  terrestrial  and  eusmic  and  acoustic 
coupling  vibrations. 

8.  TIME  FACTOR 
1985  to  1990 
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9.  PRINCIPAL  INSTALLATION 

NEO  manufacturing  facility. 

10.  PRINCIPAL  FUNCTIONAL  UNITS  (TBD) 

11.  PRINCIPAL  TECHNOLOGIES 

• Crystal  growth  from  a melt 

• LSIC  photolithography  techniques 

12.  IMPACT  SPECTRUM  (TBO) 

13.  FRONT-END  CAPITAL  (TBD) 


ORIGINAL  PAGE!  lb 
OP  POOR  OUALITY 
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26.  SILICON  WAFERS  FOR  DC  KBCTTFIEFS 

1.  GENERAL  CLASSIFICATION 

Space  manufacturing  of  high  value/low  mass  products 

2.  GENERAL  OBJECTIVE 

Manufacturing  of  flawless  silicon  wafers  for  large  seile  electrical 
power  rectification 

3.  PRODUCT  TO  EARTH 

Silicon  control  rectifiers  for  public  utilities  companies 

4.  KEY  OBJECTIVES 

To  provide:  power  equipment  builders  with  large  (15  cm  diameter) 

and  dislocation-free  silicon  semiconductor  components  for  control  rectifier 
devices  used  in  ac/dc/ac  power  converter  facility  stations 

5.  PRINCIPAL  CONTRIBUTIONS 

For  this  specific  application  of  single  crystal  silicon,  there  is  an 
urgent  need  for  flawless,  large  diameter  (-15  cm)  wafers  for  use  in  ac/dc/ac 
power  conversion  system,  i.e.  conversion  rectifiers. 

6.  LEVEL  OF  CONTRIBUTION 

Will  provide  the  power  industry  with  semiconductor  rectifier  silicon 
wafers  (10-15  cm)  that  can  handle  up  to  700  amperes  and  reduce  the  amount  of 
smaller  size  (SCR's)  ...  to  handle  up  to  360  megawatts  of  power. 

7.  UNIQUENESS  OF  CONTRIBUTION 

The  float  zone  refining  method  is  capable  of  producing  high  grade 
wafers  (-4-5  cm)  diameter  SCR's...  for  electrical  power  applications. 

However,  the  primary  Impediments  are  large  diameter  wafers.  Space  manufacturing 
can  proviJe  this  unique  semiconductor  material. 
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8.  TIME  FACTOR 

- 1985 

9.  PRINCIPAL  INSTALLATION 

NEO  manufacturing  facility,  i.e.,  free  flyer,  space  station, 

space lab. 

10.  IMPACT  SPECTRUM  (TBO) 

11.  PRINCIPAL  TECHNOLOGY 

o Crystal  growth  from  a melt/zone  refining 

12.  FRONT-END  CAPITAL  (TBD) 
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27.  NEW  OPTICAL  GLASS 


1.  GENERAL  CLASSIFICATION 

Space  manufacturing  of  small  products 

2.  GENERAL  OBJECTIVE 

Manufacturing  of  optical  glasses  for  refractive  optics  and  laser  windows. 

3.  PRODUCT  TO  EARTH 

New  glasses  with  superior  characteristics:  IR  transparency,  high  strength, 
pure,  thermal  shock  resistant  glass. 
k,  KEY  OBJECTIVES 

To  obtain  containerless  melt  to  minimize:  convection  and  contamination 
and  sources  of  nucleation  to  prevent  devitrification. 

5.  PRINCIPAL  CONTRIBUTION 

High  index/ABBE  number  glasses.  5" 10  y IR  transparency  improvement 
for  lasers. 

6.  LEVEL  OF  CONTRIBUTION 

Optical  instruments  and  lens  market  estimation  10  M/yr. 

7.  UNIQUENESS  OF  CONTRIBUTION 

No  way  to  dc  containerless  melts  in  terrestrial  industries;  therefore, 
space  only  way  to  go. 

8.  TIME  FACTOR 

~ 1985  - 1990 

9.  PRINCIPAL  INSTALLATION 

NEO  manufacturing  facility. 

10.  PRINCIPAL  FUNCTIONAL  UNITS 
Furnace  melt  facility 
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11.  PRINCIPAL  TECHNOLOGY 
Existing  glass  manufacturing 

12.  IMPACT  SPECTRUM  (TBD) 

13.  FRONT-END  CAPITAL  (TBD) 
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28.  FIBER  OPTICS 


1.  GENERAL  CLASSIFICATION 
Manufacture  of  small  products  in  space 

2.  GENERAL  OBJECTIVE 

To  produce  high  transmission  fiber-optics  in  space. 

3.  PRODUCT  TO  EARTH 

Fiber  optics  for  applications  in  optics,  e.g.  communication  by  wideband 
light  beams. 

4.  KEY  OBJECTIVE 

To  obtain  containerless  melt  to  minimize  convection  and  contamination 
and  sources  of  nucleation  to  prevent  devitrification. 

5.  PRINCIPAL  CONTRIBUTION 

Very  high  transmission  fiber  optics  with  a minimum  of  losses. 

6.  LEVEL  OF  CONTRIBUTION 

Medical,  communication  industry  will  benefit. 

7.  UNIQUENESS  OF  CONTRIBUTION 

No  way  to  do  containerless  melting  in  1-G  terrestrial  environment  - 
space  unique  in  that  industrial  sense. 

8.  TIME  FACTOR 

~ 1975  - 1990 

9.  PRINCIPAL  INSTALLATION 

NEO  manufacturing  facility. 

10.  PRINCIPAL  FUNCTIONAL  UNITS 

Furnacemelt  facility  fiber  drawing  apparatus. 

11.  PRINCIPAL  TECHNOLOGY 
Existing. 

12.  IMPACT  SPECTRUM 

13.  FRONT-END  CAPITAL  (TBD) 


(TBD) 
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29.  HIGH-TEMPERATURE  TURBINE  BLADES 


1.  GENERAL  CLASSIFICATION 

Space  manufacturing  of  small  products 

2.  GENERAL  OBJECTIVE 

Manufacture  of  high  temperature/high  strength  metal  turbine  blades 
for  turbojet  and  power  conversion-type  engines. 

3.  PRODUCT  TO  EARTH 

Long  iife/high  temperature  turbine  blades  for  fuel  burning  turbojet 
engines. 

4.  KEY  OBJECTIVE 

To  grow  single  crystal  and  eutectic  turbine  buckets  without  anomalies 
for  less  than  1650°C  turbine  inlet  temperature  and  minimized  grain  boundaries 
for  increased  blade  life. 

5-  PRINCIPAL  CONTRIBUTION 

Some  replacement  costs  of  ~ 4.5  M/yr.  Reduce  fuel  consumption;  reduce 
air  pollution.  Some  material  development  costs.  Reduce  fare  of  air  transportation. 
Improve  public  safety. 

6.  LEVEL  OF  CONTRIBUTION 

Public  safety,  national  defense,  public  transportation,  balance  of 
payments....  all  have  some  impact. 

7.  UNIQUENESS  OF  CONTRIBUTION 

Space  processing  metal lurigi cal  methods  offer  new  metals  with  unique 
temperature  and  strength  properties.  By  increasing  the  temperature  threshold  of 
present  turbine  blade  engines,  the  efficiency  and  lifetime  of  the  engine 
would  increase,  thus,  saving  energy  and  reducing  maintenance  of  the  engine. 
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8.  TIME  FACTOR 

~ Late  1980's 

9.  PRINCIPAL  INSTALLATION 

NEO  Manufacturing  facility. 

10.  PRINCIPAL  TECHNOLOGY 

Variation  of  earth  metallurgical  process  adapted  to  spaee. 

11.  IMPACT  SPECTRUM  (TBD) 

12.  FRONT-END  CAPITAL  (TBD) 


30.  HIGH- STRENGTH  PERMANENT  MAGNETS 


].  GENERAL  CLASSIFICATION 

Manufacturing  of  small  space  products. 

2.  GENERAL  OBJECTIVE 

The  manufacturing  of  special  terrestrially  immissible  metals  for 
application  to  very  high  strength  permanent  magnets. 

3.  PRODUCT  TO  EARTH 

New/unique  alloys,  e.g.  AgMgAl  or  combinations  of  Fe,  A1,  Ni,  Co,  and 
Cu...  that  when  magnitized  have  high/long  lasting  properties. 

I».  KEY  OBJECTIVES 

To  produce  terrestrial  imissible  alloys  via  solidification  (metallurgy) 
methods  in  space. 

5.  PRINCIPAL  CONTRIBUTION 

Instrumentation  industry,  e.g.,  motors  (long  life)  medical  science,  high 
strength  has  favorable  affect  on  healing  wounds. 

6.  LEVEL  OF  CONTRIBUTION 
Electronic/medical  industry 

7.  UNIQUENESS  OF  CONTRIBUTION 

Imissible  alloys  would  be  unique  to  earth. 

8.  TIME  FACTOR 

- 1985  - 1990 

9.  PRINCIPAL  INSTALLATION 
NEO  manufacturing  facility 

10.  PRINCIPAL  FUNCTIONAL  UNITS 
Melt  furnace. 

11.  PRINCIPAL  TECHNOLOGY 
Existing  use  in  space. 
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12. 

IMPACT  SPECTRUM 

(TDD) 

13. 

FRONT-END  CAPITAL 

(TDD) 
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31.  THIN-FILM  ELECTRONIC  DEVICES* 


AND 

CONTINUOUS  RIBBON  CRYSTAL  GROWTH* 


* See  Space  Station  Systems  Analysis  Study  (MDC  G 6508) , Part  1,  Final 
Report,  Volume  3,  Appendices,  Book  1,  Objective  Data,  McDonnel  Douglas 
Corporation,  pages  5-30  through  5-35  (September  1,  1976) 
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Sysitfi  Description:  PSPE  Soletta  consists  of  a cluster  of  free  flying  Soletta  Units  (SU).  Each  SU  may,  in  turn,  be  an 

ASSEMBLY  OF  'TANOARD  ELEMENTS  (SE).  EaCH  SE  IS  A M0DU1AR1ZED  REFLECTOR  OF-50  TO  200  KM?  IN  SIZE,  DEPENDING  ON  THE  OVERALL 

bize  of  the  PSPE  Soletta.  Weight:  100  to  150  tons/km2  (0.02  to  0.03  lb/ftz).  Use  of  orbital  manufacturing  processes  is 
e0STUL ATED. 


:F-MFNT  (PSPE  SOLETTA)  (2  OF  2) 
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34.  OIL  SPILL  DETECTION 


GENERAL  OBJECTIVE 

Oil  spill  detection.  Ocean  and  fresh  water  pollution  from  tanker  and 
drilling  platform  catastrophes  are  easily  detectable  by  existing  means.  Oil 
spills  caused  by  vessels  clearing  the  bilge  and  similar  overboard  dumping  is 
virtually  unnoticed,  is  common  practice,  and  in  the  aggregate,  is  much  greater 
than  the  major  events.  What  is  needed  is  a system  to  detect  and  identify 
these  minor  events  so  that  corrective  actions  may  be  instituted  and  charged 
to  the  offenders. 

PRODUCT  TO  EARTH 

Timely  identification  of  location  and  magnitude  of  covert  or  accidental 
contamination  of  navigable  waters  by  oil,  fuel,  or  other  petroleum  products. 
Causing  the  offender  to  pa^  the  costs  of  cleanup,  or  Instituting  procedures 
and  mechanisms  to  prevent  spills  would  achieve  multiple  benefits  to  people, 
shellfish,  water  fowls,  and  commercial  agencies  that  share  the  water  resources 
KEY  OBJECTIVE 

Oil,  ceing  lighter  than  water,  floats;  recent  investigations  have  shown 
that  oil  has  a distictive  spectral  signature,  showing  a peak  reflectance  at 
about  4500  8,  easily  distinguished  from  the  surrounding  water.  A single  photo 
meter,  at  low  altitude,  detecting  radiation  in  the  band,  would  mark  the  time 
this  occurred,  reporting  to  a ground  control  center  (Fairbanks)  every  orbit 
(polar).  A number  of  small,  short  lifttime  satellites,  shuttle  injected, 
would  be  an  inexpensive  solution. 
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PRINCIPAL  CONTRIBUTION 


Observation  of  extensive  ocean  and  inland  waters  by  satellite  is  much 
more  cost-effective  than  aircraft  or  surface  craft  monitoring.  The  single 
ground  station  would  receive  reports  not  more  than  90  minutes  after  occurrence, 
notifying  the  local  authorities  to  take  action. 

LEVEL  OF  CONTRIBUTION 

Near  real  time  notification  of  offenses  to  local  harbor,  lake,  river  and 
coastal  water  authorities,  apprehending  and  charging  offenders  for  cleanup 
costs.  Benefit  to  all  people  who  use  these  waters,  as  well  as  all  marine  life, 
etc.  Extension  to  high  seas  and  other  countries  is  inherent:  this  is  a ser- 
vice that  may  be  sold  or  traded  for  other  considerations. 

UNIQUENESS  OF  CONTRIBUTION 

No  other  affordable  monitor  system  can  detect  the  minor  offenders  and 
police  these  waters. 

TIME  FACTOR 

Design  and  construction  of  Oil  Spill  monitor  satellites  (initial  system 
of  10  to  12)  to  be  accomplished  by  Shuttle  polar  orbit  operational  capability. 
PRINCIPAL  INSTALLATION 

Space  only:  small,  battery-powered  cold-gas  stabilized  satellites 

o 

containing  a single  photometer  restrictecd  to  45  A wave  band.  Limited 
lifetime  (one  year) , low-altitude  (approximately  ]00mi1e).  Ground:  single 

ground  control  station  to  track  satellites  and  collect  reports  (similar  to 
Satellite  Control  Facility  for  DOD  sate.l  1 i tes) . 
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PRINCIPAL  FUNCTI ONTAl  UNITS 


Approximately  ten  satellites  Injected  by  one  Shuttle  flight. 
Ninety-minute,  high  inclination  orbit;  may  be  recovered  and  refurbished, 
recharge  batteries  and  gas  system,  by  later  Shuttle  flights  (about  once  per 
year) . 

PRINCIPAL  TECHNOLOGIES 

All  needed  technology  exists. 

IMPACT  SPECTRUM 

Technology:  Design  and  build 

Economy:  Save  millions  of  dollars  by  reducing  oil  spill  damage.  Few 

new  jobs  created,  but  existing  enforcement  practices  greatly  improved  (pro- 
ductivity); exportable  servtce  to  other  nations.  Environmental:  reduce  one 

significant  cause  of  water  pollution. 

Social:  Improve  the  servi vab i 1 i ty  of  water  life-forms;  positive  reaction  by 

environment  protectionists. 

Political:  No  additional  national  Impacts;  internationally,  the  service  can 

be  exported  for  goodwill,  money  or  consideration. 

CAPITAL  TO  IOC: 

Space  elements:  about  $50  M to  design  and  build  10  to  12  satellites. 
Ground  element:  About  $25  M to  install  and  $5  M per  year  to  operate. 
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ORIGINAL  PAGE  lb 
OF  POOR  QUALITY! 


ALBIN  D.  KAZANOWSKI 


35.  ICEBERG  TRACKING 


1.  General  Objective 

Icebergs  constitute  a significant  threat  to  shipping  in  the  North  Atlantic. 

The  U.  S.  Coast  Guard's  International  Ice  Pci.  ->1  has  the  responsibility  for 

detecting  and  tracking  icebergs,  and  notifying  shipping.  The  icebergs  are 
currently  located  by  Coast  Guard  personnel  flying  C 1 30 1 s equipped  with  Side 
Locking  Airborne  Radar  (SLAR) . A Cl 30  can  cover  approximately  15*000  square 
miles  on  each  8 hour  mission.  Approximately  150,000  square  miles  of  ocean  need 
to  be  searched.  This  operation  could  be  accomplished  on  a continuing  real- 
time basis  by  a microwave  radiometer-equipped  satellite  in  a geosynchronous,  orbi t. 

2.  Product  to  Earth 

Iceberg  location  data  on  approximately  1600  Icebergs  over  150,000  square 
miles  - provided  to  the  Coast  Guard's  Iceberg  plotting  and  tracking  computer. 

3.  Key  Objectives 

Search  planes  are  often  groinded  by  storms.  It  is  during  storms  that  the 
iceberg  move  substantial  distances,  produce  calves,  and  are  are  most  difficult 
for  ships  to  locate  by  radar.  The  spacecraft  would  monitor  their  locations 
continuously  so  as  to  enable  their  tracking. 

A.  Principal  Contributions 

Iceberg  tracking  by  satellite  would  eliminate  theneed  for  flying  patrols 
under  hazardous  conditions.  While  the  computer  will  predict  where  the  iceberg 
is  expected  to  be,  the  patrol  planes  need  to  verify  that  it  indeed  is  there. 
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4.  Principal  Contributions  (continued) 


If  it  isn't,  search  patrols  need  to  be  flown  to  relocate  the  iceberg.  With 
continuous  monitoring  (or  updates  every  3 hours)  icebergs  would  not  be  lost  to  i 
present  a hazard  to  shipping.  ! 

5*  Level  of  Contributions  j 

One  ship  saved  in  10  years  that  would  otherwise  be  lost  could  pay  l 

| 

for  the  system.  The  cost  of  the  Iceberg  patrol  is  borne  by  19  maritime  nations  j; 

in  proportion  to  the  tonnage  shipped  through  areas  threatened  by  icebergs.  The 
cost  of  the  surveillance  function  of  the  International  Iceberg  Patrol  is  estimated 

I 

to  be  $2,011  per  year,  or  $20M  over  10  years.  While  the  cost  of  the  satellite 

system  would  be  greater  than  this,  the  service  provided  would  be  vastly  supervior,! 

!' 

and  less  hazardous.  1 


6.  Uniqueness  of  Contribution 

Continuous  and  accurate  coverage,  particularly  during  storms,  could  not  be 
readily  provided  by  any  other  means. 


7.  Time  Factor 

Near  Terms  1980  - 1990 

8*  Principal  Installation 

One  satellite  in  geosynchronous  orbit  could  provide  continuous  coverage 
of  the  entire  North  Atlantic  region.  The  location  data  would  be  transmitted 
from  the  satellite  to  the  computer  installation  on  Governors  Island. 
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9.  Principal  Functional  Units 


Constellation  Size:  1 

Orbit:  Geosynchronous 


Spacecraft 
Weight:  30,000  lb 

Power:  500  watts 

Size:  14  ft  dia  x 10  ft  len 


Techni cal 


Economic: 


800  ft  dia  antenna  (cloud- 
penetrating  frequency) 

10.  Principal  Technologies  (A1  Love?) 

Microwave  radiometer  resolution  technology — space  construction  technology 

1 1 . Impact  Spectrum 

System  requires  modest  advance  r er  current  S0TA. 
Technology  could  be  used  for  other  applications 
such  as  geothermal  mapping  (Steve  Ce»*ri?) 

Reimbursement  protocol  already  exists.  Increased 
knowledge  of  ocean  currents  could  aid  in  optimum 
route  planning. 

Possibility  of  oil  pollution  of  fishing  grounds  reduced 
Elimination  of  currently  hazardous  duty  by  Coast 
Guard. 

e.  Political:  Increased  international  good-will. 

f.  Scientific:  Increased  knowledge  of  ocean  currents. 

12.  Front-End  Capital 
Acquisition  Cost 
Launch  Cost 
Annual  Operating  Cost 


c.  Environmental 

d.  Social: 


$400M 

100M 

(incremental)  0 
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36.  COASTAL  COLLISION  AVOIDANCE  RADAR 


1.  General  Objective 

In  certain  coastal  regions  the  density  of  shipping  traffic  is  very 
high  and  the  danger  of  collisions  substantial.  150  ships  pass  every  day 
through  the  Malacca  Strait  which  varies  in  width  from  10  to  40  miles.  Con- 
ventional radar  is  too  expensive  and  Interference  prone.  Two  satellites 
90°  apart  in  geosynchronous  orbit  could  illuminate  potential  collision 
areas  with  scanning  microwave  beams  from  space,  to  enable  ships  to 
obtain  range  and  angle  data  An  hazards . 

2.  Product  to  Earth 

Microwave  signals  to  enable  detection  of  hazards. 

3.  Key  Objectives 

All  objects  greater  than  100  square  meters  within  12  n.mi.  range 
would  be  detected  within  a 300  foot  accuracy. 

4.  Principal  Contribution 

Reduce  collision  hazards  with  associated  loss  of  life,  cargo,  and  oil 
pollution  of  fishing  areas. 

5.  Level  of  Contribution 

Electronic  navigational  aids  are  being  developed  and  installed  in  the 
Malacca  Straits.  Experience  with  navigational  aids  in  Calcutta  harbor 
reveals  that  $7000  navigational  bouys  are  ruined  by  thieves  who  are  after 
50  cents  worth  of  copper  wire.  The  space  system  would  be  independent  of 
ground  or  sea-based  navigational  aids.  Conceivably,  one  ship  collision 
could  be  avoided  every  year  at  an  estimated  saving  of  $50M  to  $200M  per 
year.  Over  the  10  year  life,  this  would  amount  to  $500M  to  $2B. 
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6.  Uniqueness  of  Contributions 


The  system  would  give  positive,  all  weather  location  of  shipping  in 
the  straits. 

7.  Time  Factor 

Need  is  now  (1980-85)  but  system  assembly  technology  and  capability 
will  not  be  available  according  to  currently  scheduled  activities  until 
1985-1995. 

8.  Principal  Installations 

A special  radar  would  be  located  on  board  ships  plying  the  straits. 
Two  satellites  would  be  located  in  geosynchronous  orbit,  90°  apart.  Each 
would  consist  of  a phased  array  sending  a 100  kw  pulsed  signal  in  the 
X-band.  The  area  covered  would  be  200  x 200  n.mi. 

9.  Piincipal  Functional  Units 

Ground:  Special  radar  (3  ft  x 0.5  ft  antenna)  on  board  ships 

Space: 

Constellation  size:  2 (90°  apart)  Spacecraft:  (Each) 

Orbit:  geosynchronous  Weight:  100,000  lbs 

Size:  1000  ft  x 1000  ft 

Power:  150  kw 

10-  Principal  Technologies 

Further  analysis  of  the  basic  concept,  and  on-orbit  assembly  and 
transport  capability  of  large  space  objects. 

11.  Impact  Spectrum 

a.  Technical:  Experience  gained  would  be  applicable  to  assembly 

of  larger  space  structures 
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b.  Economic:  Need  Co  devise  plan  for  financial  reimbrusement. 

Need  further  analysis  of  cost-benefits.  Preserve 
fishing  economy  along  straits. 

c.  Environmental:  Substantial  impact  in  reducing  threatened 

oil  pollution  of  vital  fishing  grounds  as 
result  of  tanker  collisions. 

d.  Social:  Aid  in  the  preservation  of  viable  fishing-based  life 

style  along  straits. 

e.  Political:  Mutual  international  cooperation  for  self-interest 

conducive  to  peace. 

f.  Scientific:  Serendipitous  discoveries  likely. 

12.  Front  End  Capital 

Ground:  $20,000  per  ship 

Space: 

Acquisition  Cost:  $1.0B 

Transportation  Cost:  $300M 

Annual  Operating  Cost: 


origin  alpagk  to 
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37.  ICEBERG  TOWING  BY  UNMANNED  TUGS 


1 . GENERAL  OBJECTIVE 

To  tow  icebergs  to  warm  areas  that  need  fresh  water. 

2 . PRODUCT  TO  EARTH 

Cost  effective  supplies  of  fresh  water  using  icebergs . 

3 . KEY  OBJECTIVES 

If  the  tugs  could  be  unmanned  but  remotely  controlled  from  space,  they 
could  be  considerably  cheaper.  Perhaps  even  wind  power  could  be  used  along 
with  nuclear  or  fossil  fuel  power. 

The  astronauts  aboard  a space  station  would  utilize  powerful  optical 
telescopes  and  other  sensors  to  search  out  large  icebergs  of  the  proper  shape 
and  location  (aspect  ratio  - 3 to  1 in  northern  Antarctic  waters).  Once  the  proper 
candidate  is  located,  tugs  which  use  a combination  of  wind  and  fossil  fuel  power 
would  be  attached  to  the  iceberg.  Once  attached,  the  tugs  would  be  unmanned 
and  would  tow  it  to  the  desired  location. 

Powerful  sensors  and  computers  aboard  the  manned  space  station  will  be 
used  to  sail  the  tugs.  Remo.e  tcleoperator  devices  will  drive  the  necessary 
mechanisms  and  optimize  route  and  use  of  engines  veisus  sails.  Since  they 
move  so  slowly,  several  sailboats  can  be  operated  simultaneously  by  an  astronaut 
on  a part-time  basis. 

4.  PRINCIPAL  CONTRIBUTIONS 

To  bring  an  abundance  of  fresh  water  and  some  electrical  power  to  warm 

climate  sea-coast  cltles/areas.  One  example  would  be  to  make  desertous  areas 
of  the  earth  fertile  and  productive  by  supplying  them  with  abundant 
quantities  of  water  and  power. 


133 


One  method  for  supplying  electricity  and  fresh  water  to  dry  coastal  areas 
would  be  to  tow  large  icebergs  into  the  area  from  Antarctic  waters.  The  tempera- 
ture differential  between  the  Iceberg  and  the  surrounding  water  provides  the 
electricity;  the  ice  when  it  has  melted  provides  the  fresh  water. 

5 . LEVEL  OF  CONTRIBUTION 

Could  be  a multi-billion  dollar  enterprize. 

6.  UNIQUENESS  OF  CONTRIBUTION 

TBD  (How  effective  could  a man  in  space  be  in  optimizing  the  route, 
sail  Vs.  power,  etc.  of  several  icebergs  in  tow  at  one  time;  how  cheap  could 
you  build  mammoth  sail  tugs  if  they  did  not  have  to  be  man-rated;  and  what  are 

the  iceberg/tug  interfaces i.e.  , how  do  you  grab  the  thing?).  Note:  The 

attachment  and  ultimate  destination  installation  is  a manned  operation;  only  the 
main  trip  is  unmanned. 

7.  TIME  FACTOR 
Mid-1990's . 

8.  PRINCIPAL  FUNCTIONAL  UNITS 
Space  bystem  Characteristics 

. Weight  = kg  space  station  {shares  many  other  duties) 

Size  = Small  space  station,  20-mm  optical  telescope;  transponder 
tracking  system  for  each  tug 
. Power  = 

. Orbit  = Geosynchronous,  or  polar  inclination,  latitude  location  = 

Constellation  size  - One  space  station  (30  sail-powered  tugs  with 
teleoperation  capabilities) 
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Ground  Tugs  - Basically  a system  of  several  tugs  with  the  iceberg  as 


a part  of  the  system.  It  may  be  necessary  to  use  the  iceberg  itself  as  ballast 

to  counteract  wind  pressure  on  the  sail.  This  is  the  key  area can  the  sail/ 

diesel-powered  tug  system  be  very  economical  to  build? 

9.  PRINCIPAL  FUNCTIONAL  UNITS 
Space  station,  ocean  tugs. 

. Towing  interval  ~ 6 months 
. 12  to  15  icebergs  in  tow  at  any  given  moment 

Space  telescope  resolution  = 20  meters  (clear  conditions) 

. Power  production  = kWh  per  iceberg  ( kW  continuous) 

. Water  production  = liters/iceberg  ( liters  per 

day)  -v-  Chicago's  consumption  level 

10.  PRINCIPAL  TECHNOLOGICAL  AREAS 

Quality  optical  systems  (many  other  uses  possible) , unmanned  sail-powered 
tugs,  remote  teleoperation  devices  to  capture  and  tow  the  iceberg,  power  genera- 
tion systems  utilizing  the  inherent  temperature  differential.  Extremely  cheap, 
simple,  reliable,  wind-powered  tugs  would  be  key  to  the  economics  of  the 
system. 

! 1.  IMPACT  SPECTRUM 

Danger  of  collisions  in  sea  lanes  with  other  ships.  Little  environmental 
impact  since  the  iceberg  water  is  a very  small  part  of  the  ocean.  Virtually  no 
pollution.  Potential  of  creating  new  cities  with  associated  local  food  production 
where  location  for  energy  efficiency  or  other  reasons  is  optimum. 

12.  FRONT-END  CAPITAL 
TBD 
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38.  GLOBAL  SEARCH  AND  RESCUE 


1.  GENERAL  OBJECTIVE 

To  locate  small,  lightweight  emergency  transmitters. 

2.  PRODUCT  TO  EARTH 

Location  of  person  or  vehicle  In  distress  for  rescue 

3.  KEY  OBJECTIVES 

When  an  aircraft,  ship,  etc.,  is  down  or  lost,  the  search  is  costly, 
time  consuming,  and  often  unsuccessful.  This  would  show  the  location 
quickly,  accurately,  and  continuously. 

4.  PRINCIPAL  CONTRIBUTIONS 

Principally  lives  saved.  Sometimes  equipment  saved  also. 

5.  LEVEL  OF  CONTRIBUTION 

Small,  not  a major  factor  nor  a large  number  of  lives  involved. 
(However,  very  important  to  you  if  you  are  the  one  who  is  lost.) 

6.  . UNIQUENESS  OF  CONTRIBUTION 


This  depends  on  the  user.  Large  ships  and  aircraft  know  location 
continuously  (or  will  with  GPS)  and  could  send  out  this  information  on 
ordinary  emergency  chanels.  Smell  vehicles  usually  have  emergency 
transmitters,  but  may  not  be  able  to  accurately  communicate  their  position. 


7.  TIME  FACTOR 
Mid  1980's. 

8.  PRINCIPAL  INSTALLATIONS 


ORIGINAL  PAGEJJ 
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A system  of  high  altitude  nav/comm  satellites  to  allow  the  use  of 
small,  inexpensive,  lightweight  emergency  transmitters.  The  satellites 
transpond  the  signals  from  the  emergency  transmitter  and  the  location  is 
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computed  by  time  difference  of  arrival  on  the  ground  site.  The  emergency 
transmitters  can  be  very  tiny,  weighing  a pound  or  two  and  having  a 
continuous  life  for  at  lease  a month  self-contained.  Each  transmitter 
would  have  stored  a unique  code  out  of  a catalog  of  100  or  more  codes 
stored  in  the  ground  cross-correlation  receivers.  The  transponders  have 
100  frequency-multiplexed  channels. 


• Weight 

• Size 

• Raw  Power 

• Orbit 

• Constellation  Size 

e Life/Servicing  Period 

9.  PRINCIPAL  FUNCTIONAL  UNITS 


2,000  lb 
5 x 7 ft 
500  W 

Near-Synchronous  or  Medium  Altitude 
20 

10/3  Years 


Space  satellites,  similar  to  a Comsat  or  GPS  satellite,  except  with 
larger  antennas.  The  ground  transmitters  are  small  enough  to  be  carried 
by  everyone  venturing  away  from  popular  areas,  such  as  hikers,  pleasure 
boats,  or  cars  traveling  between  cities.  A much  more  modest  system  for 
use  only  by  official  vehicles  or  aircraft  could  use  a single  channel 
transponder  and  time-share  a few  correlator  receivers. 


10.  PRINCIPAL  TECHNOLOGIES 

Primarily  a question  of  economics.  How  cheap  and  small  can  you  make 
the  ground  units? 

11.  IMPACT  SPECTRUM 


Not  significant 

12.  FRONT-END  CAPITAL  (TBD) 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


137 


39.  BORDER  SURVEILLANCE  SYSTEM 


1.  GENERAL  OBJECTIVE 

To  detect  overt  or  covert  attempts  at  crossing  a border,  either  a 
political  boundary  or  other  border  such  as  a large  military  installation, 
western  ranch,  etc. 

2.  PRODUCT  TO  EARTH 

Number  and  location  of  crossings. 

3.  KEY  OBJECTIVES  (Note  that  military  objectives  are  not  a part  of 
this  study) 

The  differences  in  political  systems,  lifestyles,  resources,  etc., 
have  made  border  violations,  particularly  between  US  and  Mexico,  a massive 
and  continuing  problem.  These  crossings  have  major  economic  implications 
(jobs,  etc.)  and  also  moral  problems  (drugs,  etc.).  The  objective  of  this 
system  would  be  to  make  an  illegal  border  crossing  very  difficult. 

4.  PRINCIPAL  CONTRIBUTIONS 

The  major  problem  of  unemployment  in  the  US  will  be  reduced  and  the 
also  major  problem  of  drug  addiction  (and  corresponding  crime)  will  also 
be  reduced. 

5.  LEVEL  OF  CONTRIBUTION 

Illegal  border  crossings  from  Mexico  into  the  United  States  are 
current,  / • The  Los  Angeles  Police  Department 

estimates  that  over  a million  illegal  Mexican  aliens  will  be  in  Los  Angeles 
by  1981 ; of  course,  their  children  will  be  citizens.  Without  control,  this 
will  most  likely  increase  as  the  economic  despairity  between  the  countries 
widens  and  as  US  treatment  of  Spanish  minority  groups  improves.  Our 
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health,  education,  and  welfare  policies  mal.e  entry  into  this  country 
VOieAAAtibtq  cutOmctlvz  according  to  the  Los  Angeles  Times*  The  estimated 
cost  of  the  drug  related  crime  in  the  United  States  is  /year.  A 

large  fraction  of  these  drugs  come  from  Mexico.  The  Los  Angeles  Police 
Department  studies  indicate  that  almost  20  percent  of  crimes  in  Los  Angeles 
are  committed  by  illegal  aliens.  A space  system  could  reduce  the  illegal 
personnel  crossings  by  as  much  as  75  percent. 

6.  UNIQUENESS  OF  CONTRIBUTION 

As  USSR  has  demonstrated,  this  objective  can  be  effectively  achieved 
without  a space  system.  The  space  advantage,  if  any,  would  therefore  be  in 
economies  or  social  advantages. 

7.  TIME  FACTOR 

Needed  ASAP.  Reasonably  available  IOC  by  1990. 

8.  PRINCIPAL  INSTALLATIONS 

The  main  segment  is  on  the  ground  with  approximately  a million  small 
sensors  that  are  read-out  by  a large  antenna  satellite  at  GSO. 

9.  PRINCIPAL  FUNCTIONAL  UNITS 

I ’ 
I: 

The  ground  are  small  (0.5  Kg)  seismic  sensors  spaced  approximately  i; 

30  feet  apart  to  form  an  electronic  (Jence.  The  space  unit  has  the  following 
basic  characteristics:  p 

• Weight  },kQ0  lb 

• Size  5000  ft  x 10  ft 

i 

'#  Raw  Power  12  kw  | 

• Orbit  Synchronous  Equator  I 

l 

• Constellation  Size  1 | 

5 

i 

* : 

January  30,  1977* 
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10.  PRINCIPAL  TECHNOLOGIES 


Large  structures  In  orbit  and  extremely  cheap,  reliable  sensors  on  the 
ground.  The  economies  of  the  ground  units  probably  needs  a breakthrough 
in  cost/performance. 

11.  IMPACT  SPECTRUM 

The  influx  of  illegal  aliens  into  the  United  States  from  Mexico  is  a 
major  and  increasing  cause  of  unemployment  and  social  problems.  Also,  the 
hard  drug  problem  is  considered  by  some  to  be  one  of  the  most  devastating 
social/mora)  issues  in  the  United  States  since  its  principal  victum  is  a 
young  person,  and  its  normal  effect  is  to  create  a desparate  criminal. 

12.  FRONT-END  CAPITAL 

Total  system  cost  is  in  range  of  hundreds  of  millions,  including 
ground  sensors.  Operating  costs  should  be  low. 
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D.  INTERNATIONAL  LAW  AND  SPACE  INDUSTRIALIZATION 


4 


Rockwell  International 

Space  DMston 


APPENDIX  D: 

INTERNATIONAL  LAW  AND  SPACE  INDUSTRIALIZATION 

(A  memorandum  by  Delbert  D.  Smith,  J.D., 
Ph.D.,  Madison,  Wisconsin) 
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SD  78-AP-0055-4 


MEMORANDUM 


TO:  Rockwell  International,  Space  Division 

SUBJECT:  International  Law  and  Space  Industrialization 


The  present  memorandum, * which  is  designed  to  explore  the 
impact  of  international  space  law  upon  the  future  industriali- 
zation of  outer  space,  is  divided  into  four  main  segments. 

First,  the  concept  of  space  industrialization  is  outlined. 
Second,  existing  international  agreements  affecting  the  utiliza- 
tion and  development  of  outer  space  are  examined  in  terms  of 
their  respective  influences  on  various  types  of  space  indus- 
trialization. Third,  current  negotiations  relating  to  the 
formulation  of  international  guidelines  for  the  use  of  outer 
space  for  particular  purposes,  including  direct  television 
broadcasting,  satellite  remote  sensing,  and  exploitation  of 
lunar  resources,  are  assessed  both  as  a means  of  projecting 
possible  international  legal  regimes  in  those  particular 
areas,  and  for  identifying  trends  which  could  affect  other 
types  of  space  utilization.  Finally,  recommendations  for 
actions  designed  to  facilitate  space  industrialization  are  dis- 
cussed . 


*The  views  and  conclusions  contained  in  this  memorandum 
are  those  of  the  author  and  do  not  necessarily  reflect  or 
represent  the  views  or  policies,  either  expressed  or  implied, 
of  any  organization,  agency,  or  group. 
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PART  I:  THU  CONCEPT  OF  SPACE  INDUSTRIALIZATION 

For  purposes  of  the  present  memorandum,  the  concept  of 
space  industrialization  is  used  in  a broad  sense  to 
encompass  an  extensive  array  of  possible  uses  of  outer  space. 

Five  main  categories  of  activities  are  encompassed. 

A . Communications  Services 

The  success  of  recent  communications  technology  applications 
programs  conducted  by  NASA1  and  the  prospects  for  resumption  of 
NASA  communication  satellite  experimentation  indicate  that 
technical  and  economic  feasibility  for  a large  number  of  innova- 
tive communications  services  is  likely  to  be  achieved  in  the  near 
future.  Among  the  communications  activities  which  are  projected 
for  near-  or  middle-term  satellite  implementation  are: 

1.  teleconferencing; 

2.  direct  television  broadcasting; 

3.  electronic  mail; 

4.  electronic  funds  transfer; 

5.  improved  data  communications; 

6.  business  and  home  communications  systems  incorporating 
computers  and  small-scale  receiving  terminals; 

7.  improved  mobile  communications  for  personal  and 
vehicular  use; 

8.  medical  information  services,  including  telediagnosis, 
patient  monitoring  and  access  to  medical  records; 

9.  improved  disaster  warning  services  based  cn  enhanced 
remote  sensing  and  meteorological  applications;  and 

10.  search  and  rescue  communications. 
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Although  not  exhaustive,  this  listing  indicates  the  scope  of 

future  possibilities  for  the  utilization  of  outer  space,  and 

2 

particularly  the  geostationary  orbit,  for  communications. 

B.  Remote  Sensing  Services 

Public  and  private  experimentation  in  the  satellite  remote 
sensing  area  centering  around  NASA's  Landsat  Program  has 
demonstrated  the  feasibility  of  using  satellites  for  the 
acquisition  of  data  relating  to  the  earth  and  its  environment. 
The  breadth  of  experimental  activities  has  facilitated  identi- 
fication of  an  extensive  listing  of  potential  applications 
3 

and  services.  Set  forth  below  is  a listing  of  a number  of 
the  general  categories  into  which  these  applications  may  be 
divided: 

1.  Mineral  resources  monitoring; 

2.  Ocean  resources  management,  including  living  and 
non-living  resources; 

3.  Crop  surveys,  including  insert  and  disease  monitoring 
and  yield  projections; 

4.  Land  use  management; 

5.  Population  surveys; 

6.  Monitoring  of  pollution  in  the  atmosphere,  rivers  and 
streams  and  oceans; 

7.  Weather  and  climate  forecasting;  and 

8.  Non-meteorological  disaster  forecasting. 
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C . Satellite  Power  Systems 

The  1973  embargo  on  the  export  of  petroleum  products  to 
certain  oil-consuming  countries  imposed  by  members  of  the 
Organization  of  Petroleum  Exporting  Countries  (OPEC)  and 
subsequent  events,  including  energy  shortages,  increasing 
energy  costs  and  their  economic,  social  and  foreign  policy 
implications,  have  promoted  the  search  for  cost-effective, 
alternative  energy  sources.  One  possibility  is  the  establish- 
ment of  generating  facilities  in  orbit  which  would  relay 
resultant  energy  to  the  earth's  surface  using  a microwave  or 
laser  transmission  system.  Three  main  alternative  methods  of 
power  generation  are  under  consideration:  solar  energy, 

nuclear  fission  and  nuclear  fusion.  Relay  of  electrical 
power  generated  either  in  space  or  on  the  earth's  surface 
via  satellite  to  secondary  receivers  constitutes  another 
option  for  the  industrialization  of  space. 
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I).  Space  Manufacturing 

A number  of  experiments  relating  to  physical  and  chemical 
properties  of  matter  in  outer  space  conducted  during  NASA's 
Skylab  program  indicate  that  certain  unique  characteristics 
of  outer  space,  including  weightless,  vacuum  and  extreme 
temperature  differentials,  may  permit  the  manufacture  of 
products  which  either  could  not  be  produced  on  the  earth  or 
would  be  of  significantly  inferior  quality.  A number  of  specific 
benefits  have  been  identified,  including: 

1.  production  of  superior  electronic  products,  especially 
semiconductor  crystals; 

2.  pure  vaccines  and  other  pharinacentical  products; 

3.  improved  laser  glass  and  optics  manufacturing; 

4.  production  of  alloys  of  metals  which  are  otherwise 
immiscible  in  their  respective  liquid  states; 

5.  production  of  superconductors; 

b.  assembly  and  maintenance  of  l^arge  space  structures, 

4 

including  space  stations  and  vehicles. 

H . Deep  Space  Operations 

in  contrast  to  the  operations  described  above  which  would 
be  most  likely  to  occur  at  altitudes  above  the  earth  between 
100  and  22,500  miles,  a number  of  activities  relating  to  the 
development  of  outer  space  could  be  undertaken  advantageously 
beyond  that  limit.  Perhaps  most  important  of  these  is  the 
mining  of  minerals  on  the  moon  and  other  celestial  bodies. 
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PART  II:  APPLICABLE  INTERNATIONAL  AGREEMENTS 

International  space  law  applicable  to  the  space  industriali- 
zation activities  described  in  Part  I is  embodied  in  a series 
of  treaties  and  conventions  adopted  primarily  under  the  auspices 
of  the  United  Nations.  The  fundamental  Treaty  on  Principles 
Governing  the  Activities  of  States  in  the  Exploration  and  Use 
of  Outer  Space,  including  the  Moon  and  Other  Celestial  Bodies* 
resulted  from  initiatives  within  the  United  Nations  and  after 
several  years  of  negotiation  was  signed  in  1967.  In  subse- 
quent years,  other  treaties  were  negotiated  to  elaborate  the 
basic  principles  defined  in  the  1967  treaty.  Perhaps  most  impor- 
tant from  the  perspective  of  space  industrialization  is  the  Con- 
vention on  International  Liability  for  Damage  Caused  by  Space 

2 

Objects,  which  entered  into  force  for  the  United  States  in  1973. 

I.  TREATY  ON  PRINCIPLES  GOVERNING  THI:  ACTIVITIES  OF  STATES 
IN  THE  EXPLORATION  AND  USE  OF  OUTER  SPACE,  INCLUDING  THE 
MOON  AND  OTHER  CELESTIAL  BODIES 

The  1967  Outer  Space  Treaty  provides  the  foundation  for 
the  legal  framework  for  all  activities  beyond  the  upper  limits 
of  national  airspace  jurisdiction.  Consequently,  its  provisions 
are  relevant  to  the  consideration  of  all  four  major  categories  of 
space  industrialization.  Particular  consideration  should  be 
given  to  the  provisions  governing: 

1.  permissible  uses  of  outer  space  (Articles  I,  IV  and  IX), 
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non-appropriation  of  outer  space  (Article  II); 

3.  applicability  of  international  law  (Article  III); 

4.  military  uses  of  outer  space  (Article  IV); 

5.  responsibility  of  states  for  the  acts  of  nationals  in 
space  (Article  VI) ; 

6.  international  liability  for  damage  caused  in  space 
(Article  VII); 

7.  the  exercise  of  national  jurisdiction  in  outer  space 
(Article  VIII) ; and 

8.  relations  between  states  relating  to  their  respective 
space  activities  (Article  IX). 

A.  Article  I 

Article  I,  which  establishes  the  most  basic  principles 

governing  activities  in  outer  space,  provides: 

The  exploration  and  use  of  outer  space,  including 
the  moon  and  other  celestial  bodies,  shall  be  carried 
out  for  the  benefit  and  in  the  interests  of  all  coun- 
tries, irrespective  of  their  degree  of  economic  or  scien- 
tific development,  and  shall  be  the  province  of  all  man- 
kind. 


Outer  space,  including  the  moon  and  other  celestial 
bodies,  rhall  be  free  for  exploration  and  use  by  all 
States  without  discrimination  of  any  kind,  on  a basis  of 
equality  and  in  accordance  with  international  law,  and 
there  shall  be  free  access  to  all  areas  of  celestial 
bodies . 

There  shall  be  freedom  of  scientific  investigation 
in  outer  space,  including  the  moon  and  other  celestial 
bodies,  and  States  shall  facilitate  and  encourage  inter- 
national co-operation  in  such  investigation. 

; . Article  /Hi:  The  "Common  Interests"  Cla_^e 

Paragraph  1 raises  two  main  issues:  first,  whether  this 

provision  constitutes  a binding  contractual  obligation  or  is 
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merely  declaratory  of  general  objectives,  and  second,  regarding 
the  meaning  of  the  phrase  "for  the  benefit  and  in  the  interests 
of  all  countries."  Related  to  the  former  is  the  question  whether 
the  provision  is  self-executing.  Seme  authorities  argue  that 
although  the  so-called  "common  interests"  clause  of  Paragraph  1 
embodies  one  of  the  most  fundamental  principles  upon  which  the 
outer  space  regime  is  founded,  its  breadth  precludes  direct 
application.  Consequently,  other,  more  limited  expressions  of 
international  consensus  are  required  to  give  this  provision 
enforceable  form.  Under  that  approach,  pending  agreement  on 
specific  operative  principles  elaborating  the  fundamental  policy 
of  Article  1(1),  any  use  of  outer  space  would  be  permitted  under 
Article  1(2),  provided  it  is  peaceful  in  nature.* 

A contrary  conclusion  is  reached  by  a number  of  other 
authorities  who  take  the  position  that  the  language  of  Article  1(1) 
is  binding  upon  the  signatories,  as  is  any  provision  of  an  in- 
ternational treaty.  Two  main  reasons  are  advanced  to  support 
this  proposition.  First,  during  consideration  of  the  text  of 
the  provision  in  the  fifth  session  of  the  Legal  Sub-Committee  of 
the  Committee  on  the  Peaceful  Uses  of  Outer  Space  (CPUOS) , a 
proposal  to  delete  the  phrase  "for  the  benefit  and  in  the  interests 
of  all  countries"  from  Article  I and  place  it  in  the  preamble 
was  rejected.^  Similarly,  the  draft  of  Article  1(1)  was  modified 
when  the  words  "irrespective  of  their  degree  of  economic  or 
scientific  development"  were  moved  on  the  basis  of  a consensus 
from  initial  position  in  the  preamble  to  their  present  position 
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followir.g  the  "common  interests"  clause,  because  the  developing 

countries  advocated  inclusion  of  the  latter  phrase  as  part  of 

the  binding  treaty  commitment.*  Thus,  it  may  be  inferred  that  the 

drafters  intended  Article  1(1)  to  be  binding.  Second,  even  if  the 

provision  is  considered  non-self-executing  and  the  effectiveness 

of  the  limitation  is  thereby  somewhat  diminished,  its  binding 

character  is  not  impaired  and  the  legislative  or  executive  acts 

necessary  to  implement  the  binding  provision  are  nonetheless 

4 

mandatory  for  all  parties  to  the  treaty. 

The  content  of  the  phrase  "for  the  benefit  and  in  the 
interests  of  all  countries"  in  Article  1(1)  is  also  open  to 
dispute.  Some  authorities  take  the  position  that  the  treaty's 
admonition  to  use  outer  space  for  the  benefit  of  all  members 
of  the  international  community  constitutes  no  more  than  a duty 
upon  each  member  not  to  misuse  outer  space  in  a way  which  could 
diminisn  the  value  of  space  activities  to  other  members. ^ 

Others  have  taken  the  closely  related  position  that  the 
phrase  means  that  the  use  of  space  objects  should  not  be  detri- 
mental to  the  interests  of  other  countries,  including  national 

security,  public  order  and  sovereignty  over  natural  resources 

6 

which  are  protected  under  international  law. 

The  third  pc  ,sible  interpretation  would  impose  on  space 
powers  the  obligation  either  to  permit  other  countries  to  use 
the  former's  space  vehicles  or  to  share  tho  financial  benefits 
of  its  space  activities.  Arguments  supporting  this  position  have 
been  raised  in  the  discussions  of  the  CPUOS  Legal  Sub-Committee 
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relating  to  direct  broadcast  and  earth  resources  satellites.7  To 
date,  that  approach  has  received  little  direct  international 

g 

support.  Nonetheless,  a similar  approach  relating  to  the 
exploitation  of  resources  in  another  area  located  beyond  the 
limits  of  national  jurisdiction,  the  deep  seabed,  has  received 
substantial  support  during  the  present  series  of  United  Nations 
Conferences  on  the  Law  of  the  Sea.^  Although  a scheme  for  licens- 
ing exploitation  of  the  orbit  and  distributing  the  proceeds 
equitably  among  the  members  of  the  international  community  has 
been  proposed,  current  developments  in  space  law  and  the  law  of 
the  sea  suggest  that  final  agreement  on  such  an  arrangement  is 
not  likely  to  occur  in  the  near  future. 

An  anal) sis  both  of  relevant  arguments  and  of  trends  in  the 
interpretation  of  Article  1(1)  as  it  applies  to  the  utilization 
of  outer  space  for  industrial  purposes  indicates  a number 
of  conclusions.  First,  as  an  operative  element  of  a treaty, 
Article  1(1)  is  binding  upon  all  states  which  are  parties  to 
the  treaty.  Second,  the  content  of  the  "common  interests" 
clause  is  unclear  and  therefore  requires  further  elaboration. 

As  a result,  the  clause  may  be  considered  non- self -executing  for 
purposes  of  space  industrialization.  Third,  although  the  clause's 
content  is  disputed  at  a minimum,  it  imposes  a duty  upon  states 
to  use  outer  space  in  such  a way  that  neither  the  earth-bound 
interests  of  other  states,  including  national  security,  or  the 
potential  interests  of  the  latter  in  the  exploration  or  use  of 
outer  space  are  jeopardized.  Finally,  although  the  upper 
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limit  of  the  "common  interests"  requirement  is  unclear  under  exist- 
ing space  law,  Article  1(1)  does  not  require  space  powers  to 
share  either  their  space  vehicles  or  the  profits  derived  from 
space  activities  with  non-space  powers. 

The  impact  of  Article  1(1)  upon  space  industrialization 
depends  on  the  precise  nature  of  the  activity  contemplated. 
Communications  satellites  utilize  segments  of  the  electromagnetic 
spectrum  and  portions  of  the  geostationary  orbit.  Although  both 
are  potentially  subject  to  overcrowding,  unilateral  use  of 
transmission  frequencies  or  orbital  slots  would  not  violate 
Article  1(1),  since  transmitter  and  space  shuttle  technology  and 
the  potential  ability  to  remove  inoperative  satellites  from  orbit 
emphasizes  the  character  cf  both  the  spectrum  and  the  geostationary 
orbit  as  renewable  resources -which  are  non-depletable  in  any 
permanent  sense.  Most  applications  would  not  jeopardize  any  of 
the  essentially  terrestrial  interests  protected  by  Article  1(1). 
However,  some  nations  have  argued  that  the  use  of  satellites  for 
the  transmission  of  television  programs  directly  to  home  or 
community  receivers  could  interfere  with  the  internal  political 
or  economic  stability  of  "receiving  states."*®  Although  some 
concern  may  be  justified  despite  good  faith  efforts  by  all 
participating  parties,  the  question  will  be  decided  in  the  con- 
text of  a separate  declaration  relating  to  direct  broadcast 
satellites,  rather  than  in  the  context  of  Article  1(1). 

The  impact  of  "common  interests"  clause  on  satellite 
remote  sensing  is  likely  to  be  somewhat  similar  to  its  effect  on 
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communications  applications.  Although  some  sensing  satellites- - 
primarily  those  designed  for  earth  resources  applications  - - 
operate  in  low  earth  orbit,  others,  including  meteorological 
satellites,  are  likely  to  occupy  geostationary  orbital  slots. 

As  noted  above,  use  of  the  geostationary  orbit  consistent  with 
the  applicable  regulations  of  the  International  Telecommunication 
Union  (ITU)  is  not  impeded  by  Article  1(1).  However,  some 
questions  have  arisen  regarding  interference  with  the  national 
security  and  ecoromic  interests  of  sensed  states  arising  from 
potential  abuses  of  earth  resources  applications  of  remote  sensing 
technology.  As  a result,  efforts  to  limit  the  use  of  earth 
resources  satellites  or  to  place  their  use  in  the  context  of  a 
somewhat  restrictive  organizational  structure  have  been  initiated 
in  the  United  Nations. **  Although  reference  has  been  to  Article 
1(1)  in  the  debates,  the  result  of  these  debates  is  likely  to  take 
the  form  of  an  international  declaration  of  principles  which 
does  not  refer  directly  to  the  content  of  that  provision. 

If  satellite  power  systems  are  implemented  either  experi- 
mentally or  operationally,  four  main  questions  are  likely  to 
arise  in  the  context  of  the  ’’common  interests"  druse.  First, 
since  such  systems  are  likely  to  occupy  segments  of  the  geostationary 
orbit  to  facilitate  either  power  production  or  transmission,  and 
since  the  size  of  such  satellites  will  require  significantly 
larger  slots  than  are  presently  utilized  by  communications  and 
meteorological  satellites,  the  question  of  orbital  slot  alloca- 
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tion  will  undoubtedly  arise.  However,  Article  1(1)  does  not 
present  an  obstacle.  Second,  as  presently  conceived,  a satellite 
power  system  would  not  affect  adversely  a state's  sovereignty  over 
its  natural  resources,  its  political,  social,  cultural  and  economic 
self-determination  or  domestic  order  among  its  citizens.  Conse- 
quently, those  interests  would  not  inhibit  establishment  and 
operation  of  a satellite  power  system.  A third  potential  concern 
could  arise  among  energy-producing  countries  that  the  establish- 
ment of  such  systems  by  energy-consuming  countries  could  under- 
mine the  economies  of  the  former.  However,  as  suggested  below 
in  Section  I.C.,  international  law  does  not  protect  countries 
against  either  economic  competition  or  economic  pressure. 

Finally,  the  laser  or  microwave  transmission  mechanisms 
likely  to  be  used  by  satellite  power  systems  to  convey  power 
generated  in  orbit  to  relay  stations  on  the  earth's  surface  may 
be  said  to  constitute  potential  weapons  for  use  against  the 
earth's  surface.  If  the  weapons  potential  were  realizable,  the 
system  qua  weapon  would  be  contrary  to  the  interests  of  non- 
allied  countries  protected  by  Articles  1(1)  and  IV.  However,  the 
assumption  of  the  present  memorandum  is  that  satellite  power 
systems  will  incorporate  adequate  safeguards  to  prevent  their  use 
as  weapons  and  hence  would  not  violate  the  interests  of  other 
states  embodied  in  Article  1(1). 

Operation  of  manufacturing  facilities  in  outer  space  would 
not  adversely  affect  any  of  the  terrestrial  interests  of  states 
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with  the  possible  exception  of  adverse  economic  influence  result- 
ing from  the  relative  scarcity  of  products  manufactured  in  outer 
space  and  the  accompanying  high  cost.  As  noted  above,  this  fact 
is  insufficient  in  itself  to  present  any  restriction  on  space 
operations.  Since  manufacturing  facilities  would  not  necessarily 
require  placement  in  geostationary  orbit,  interference  with  the 
space-oriented  interests  of  non-participating  states  in  access 
to  particular  areas  of  outer  space  is  not  likely  to  occur. 
However,  since  those  facilities  are  likely  to  generate  various 
forms  of  waste  ranging  from  harmless  gases  to  debris  and  nuclear 
by-products,  potential  interference  with  the  space  activities 
of  other  states,  the  provisions  of  Articles  1(1)  and  IX  probably 
require  the  operation  entities  to  take  reasonable  steps  to 
identify  and  avoid  such  potential  interference. 

In  addition  to  the  interpretation  of  the  "common  interests" 

clause  an  assessment  of  the  impact  of  Article  1(1)  on  the  use  of 

outer  space  for  industrial  purposes  raises  a set  of  issues 

centering  around  the  argument  that  Article  1(1)  requires  states 

12 

to  use  outer  space  "for  exclusively  peaceful  purposes." 

Even  assuming  for  the  purposes  of  this  analysis  that  the  Ar- 
ticle 1(1)  requirement  that  outer  s, ace  be  used  "for  the  benefit 
and  in  the  interests  of  all  countries"  contains  within  it  the 
requirement  that  outer  space  be  used  "exclusively  for  peaceful 
purposes,"13  the  United  States'  position  on  the  question  signi- 
ficantly diminishes  the  extent  to  which  the  latter  requirement 
could  inhibit  the  industrialization  of  outer  space.  However, 
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pressure  from  other  governments  could  lead  to  general  acceptance 
of  a more  restrictive  approach. 

The  main  point  of  contention  is  the  meaning  of  the  term 
"peaceful  uses."  Regardless  of  their  respective  positions  on 
the  question  of  content,  authorities  agree  that  the  main  inter- 
pretational  alternatives  are  limited  to  two:  "peaceful  uses" 

can  be  defined  either  as  "non-aggressive  uses,"  leaving  open  the 
possibility  of  the  use  of  outer  space  for  defensive  military 
purposes  or  as  "non-military  uses,"  excluding  both  aggressive 
and  defensive  activities.*4 

The  possibility  that  Article  1(1)  implicitly  incorporates 
the  "peaceful  use"  requirement  is  based  on  the  language  of  that 
provision  and  on  the  context  in  which  the  treaty  was  drafted. 
Applying  the  requirement  that  space  activities  be  conducted 

"for  the  benefit  and  in  the  interests  of  all  countries"  to  the 
question  of  military  action  in  outer  space,  some  authorities 
conclude  that  the  space  activities  can  be  conducted  in  the  in- 
terests of  all  countries  only  if  they  are  "peaceful"  in  nature.*^ 
In  addition,  it  may  be  argued  that  since  the  term  "peaceful"  is 
ambiguous  and  subject  to  conflicting  interpretations,  especially 
in  the  context  of  a general  statement  of  desirable  purposes  of 
space  initiatives,  the  drafters  chose  to  substitute  the  concept 
of  use  "in  the  interests  of  all  countries."*^  Finally,  proponents 
of  the  "peaceful  use"  requirement  maintain  that  since  Article  IV 
and  other  provisions  of  the  treaty  did  not  completely  prohibit 

placement  of  weapons  in  outer  space,  the  term  "peaceful  uses"  was 

17 

omitted  from  Article  I to  avoid  ambiguity. 
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The  case  for  the  opposite  position  is  based  on  the  formula- 
tion of  Article  IV,  which  in  Paragraph  2 expressly  limits  activi- 
ties on  the  moon  and  other  celestial  bodies  to  exclusively 
peaceful  purposes,  but  in  Paragraph  1 omits  any  such  limitation. 
Although  some  advocates  of  the  "peaceful  use"  interpretation  of 

Article  1(1)  explain  the  omission  as  the  result  of  imprecise 
1 8 

drafting,  the  omission  must  be  considered  intentional  since  an 

attempt  to  apply  the  phrase  "exclusively  for  peaceful  purposes" 

19 

to  all  areas  of  outer  space  was  defeated.  Since  the  Article  IV 
approach  is  expressly  stated,  and  is  supported  by  the  "free  use" 
principle  of  Article  1(2),  it  cannot  be  altered  by  inferences 
based  on  less  explicit  language. 

Similar  arguments  apply  to  the  dispute  regarding  the  defini- 
tion of  "peaceful  uses."  In  support  of  the  "non-military" 
interpretation  it  is  argued  that  military  activity  can  never 

be  "peaceful"  and  even  purely  defensive  weapons  cannot  be  in  the 

2 0 

interests  of  all  states.  On  that  basis,  it  is  argued  that 

adoption  of  Article  1(1)  embodying  the  expression  of  one  of  the 

most  fundamental  principles  of  space  law  operates  to  prohibit 

21 

even  defensive  weapons  in  outer  space. 

The  opposite  view  is  based  on  the  contention  that  "non- 
aggressive"  uses  are  permitted,  first,  by  Article  IV(1)  which 
prohibits  the  stationing  of  weapons  of  mass  destruction  in  outer 
space  but  omits  the  express  requirement  of  peaceful  uses  applied 
by  Article  IV(2)  to  the  celestial  bodies,  and  second,  by  Article 
III  which  requires  states  to  conduct  space  activities  in  accor- 
dance with  international  law,  including  the  United  Nations 
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Charter.  Neither  prohibits  defensive  or  non-aggressive  military 
activity.  Support  for  this  approach  is  also  found  in  the  prac- 
tice of  states.  Both  major  space  powers  use  outer  space  for 
military  communications  and  reconnaissance.  Although  these 
activities  are  "military"  in  nature,  they  arc  "non-aggressive." 

Balancing  of  these  arguments  and  the  underlying  policy 
considerations  leads  to  the  conclusions: 

1.  that  although  Article  1(1)  requires  states  to  conduct 
space  activities  "for  the  benefit  and  in  the  interests 
of  all  countries,"  it  does  not  prohibit  all  military 
activity  in  outer  space;  and 

2.  that  Articles  1(1),  Til  and  IV  combine  to  limit  any 
military  activity  in  outer  space  to  "non-aggressive" 
conduct . 

Thes.e  conclusions  suggest  that  under  present  international  space 

law,  stationing  military  installations  and  weapons  systems  in 
orbit  may  be  permissible  if  they  are  defensive  in  nature  and 
do  not  contain  nuclear  weapons  or  other  instruments  of  mass 
destruction.  Hence,  the  operator  of  a satellite  power  system 
may  be  permitted  to  convey  its  produces  to  orbital  or  terrestrial 
military  installations  which  are  designed  for  defensive  purposes. 
The  need  to  distinguish  defensive  from  offensive  purposes  may 
present  a problem  for  the  system  operating  in  this  context. 
Finally,  if  used  exclusively  in  conjunction  with  defense-oriented 
systems  and  installations,  the  system  may  be  operated  by  military 
personnel . 
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In  general,  activities  relating  to  space  industrialization 
are  not  in  themselves  either  ggressive  or  defensive  as  those 
terms  are  used  in  a military  context  and  hence  would  not  violate 
the  alleged  requirement  that  outer  space  be  used  exclusively 
for  peaceful  purposes.  However,  in  some  cases,  non-space  powers 
may  argue  that  direct  television  broadcasting  and  satellite 
remote  sensing  constitute  "aggressive"  activities  and  should 
therefore  be  restricted.  In  the  absence  of  other  facts,  however, 
the  current  state  of  international  law  in  this  area  would  not 
support  these  contentions. 

Although  not  "aggressive"  on  their  face,  space  industriali- 
zation activities  may  be  deemed  aggressive  because  of  the  uses 
made  of  the  resulting  products.  The  generations  of  electrical 
power  in  orbit  is  illustrative  for  these  purposes. 

Satellite  generated  power  could  be  put  to  three  arguably 
military  uses: 

1.  directly  as  a weapon  used  to  attack  terrestrial  or 
space  targets  for  aggressive  or  defensive  purposes; 

2.  to  provide  energy  for  the  support  of  military  installa- 
tions and  weapon  systems  in  orbit  or  on  earth;  or 

3.  to  relieve  civilian  demand  on  terrestrial  power 
generation  facilities  to  ensure  an  adequate  supply 
of  energy  to  terrestrial  military  installations. 

The  first  use  constitutes  the  main  subject  matter  of  Section 
III.D.  of  Part  II  and  is  examined  there  in  the  context  of  Article 
IV  of  the  Outer  Space  Treaty.  The  connection  of  the  third  possible 
use  to  military  activities  is  too  tenuous  to  support  application 
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of  the  prohibition  of  any  military  use  of  outer  space  inferred 
by  some  authorities  from  the  language  of  Article  1(1).  In 
addition,  a parallel  approach  could  be  used  to  prohibit  national 
exploitation  of  the  minerals  of  the  deep  seabed  for  civilian 
use,  since  that  c>/uld  increase  the  supply  of  minerals  available 
to  the  nation  as  a whole  and  hence  to  its  military  organizations. 
That  result  is,  however,  directly  contrary  to  the  express  pro- 
visions of  the  international  legal  regime  of  the  high  seas 
which  both  reserves  use  of  the  deep  seabed  for  exclusively 

peaceful  purposes  and  authorizes  exploitation  of  seabed  minerals 

22 

without  reference  to  their  possible  use  for  military  purposes. 

Thus,  only  the  second  poss ibility- - that  of  direct  use  of 
satellite  generated  power  by  military  installations  or  weapons 
systems - -poses  a potential  problem  under  the  alleged  requirement 
that  outer  space  be  used  exclusively  for  peaceful  purposes.  If 
some  or  all  of  the  power  is  used  by  an  orbital  weapons  system 
which  clearly  is  in  violation,  for  example,  of  the  Article  IV(1) 
prohibition  on  the  stationing  of  weapons  of  mass  destruction  in 
orbit  or  by  a military  installation  located  on  a celestial  body 
in  violation  of  Article  IV(2),  the  use  of  outer  space  for  geneia- 
ting  power  would  be  unlawful  to  the  extent  that  its  power  products 
aic  consumed  by  the  prohibited  system  installation.  The  result 
is  less  clear  when  the  power  products  are  consumed  by  a military 
installation  or  weapons  system  which  is  either  legally  in  orbit 
or  is  located  on  the  earth.  If  power  generated  by  a satellite 
is  utilized  by  a military  installation  or  weapons  system  which 
is  legally  in  orbit,23  the  use  of  outer  space  for  the  power 

generation  activity  would  be  permissible  under  the  "free  use" 
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principle  of  Article  1(2).  The  legality  of  the  stationing  of  the 
installation  or  weapons  system  in  question  must  be  determined 
by  reference,  first,  to  the  specific  prohibitions  of  Article  IV, 
and  second,  to  the  debate  regarding  the  content  of  tl  ' alleged 
"peaceful  use"  requirement. 

As  set  forth  in  greater  detail  in  Section  I.D.  below, 

Article  IV  specifically  prohibits  a series  of  three  activities 
in  outer  space: 

1.  the  stationing  of  nuclear  weapons  or  other  weapons  of 
mass  destruction  in  orbit  around  the  earth  or  elsewhere 
in  outer  space; 

2.  the  stationing  of  such  weapons  on  the  moon  and  other 
celestial  bodies; 

3.  the  use  of  the  moon  and  other  celestial  bodies  for  any 
except  exclusively  peaceful  purposes;  as  a result,  the 
establishment  of  military  bases,  installations  and 
fortifications,  the  testing  of  weapons  of  any  kind  and 
the  conduct  of  military  maneuvers  in  those  areas  is 
forbidden . 

As  suggested  above,  some  authorities  argue  that  the  Article  1(1) 
requirement  that  outer  space  he  used  "for  the  benefit  and  in  the 
interests  of  all  countries"  includes  a requirement  that  space  be 
used  exclusively  for  peaceful  purposes.  If  that  argument  can 
be  sustained,  the  activities  of  states  in  outer  space  would  be 
further  limited.  The  extent  of  the  limitation  would  depend  on 
whether  all  military  activities  or  only  aggressive  activities 
would  be  prohibited. 
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2 • Avl.iflo  rfrj;  Thc^  "Free  UJL£^L  Principle 

The  second  paragraph  of  Article  I contains  two  main  pro- 
visions which  arc  likely  to  influence  the  industrialization  of 
space.  The  most  important,  the  "free  use”  principle,  provides 
that  "outer  space,  including  the  moon  and  other  celestial  bodies, 
shall  be  free  for  exploration  and  use  by  all  States  . . . 

This  "free  use"  principle  provides  the  international  legal 
basis  for  all  activity  in  outer  space.  In  contrast  to  the 
restrictions  imposed  by  other  sections  of  the  Outer  Space  Treaty, 
Article  1(2)  affirmatively  authorizes  space  activities,  and 
hence  serves  as  the  point  of  departure  for  any  argument  in 
favor  of  a particular  use  of  outer  space.  For  that  reason 
Article  1(2)  has  played  an  important  role  in  the  protection  cr 
space  initiatives  against  unnecessary  restrictions. 

. Thus,  although  the  "free  use"  principle  is  one  of  the 
key  provisions  of  the  Outer  Space  Treaty,  and  i:  sufficiently 
broad  to  sustain  the  right  of  states  to  conduct  activities  in 
outer  space  free  from  claims  of  sovereignty  of  subjacent  states, 
it  is  not  unlimited. 

As  suggested  above,  Article  1(2)  must  be  read  in  the 
context  of  the  "common  interests"  clause  of  Article  1(1) 
with  the  result  that  the  advantages  to  be  derived  from  rapid 
development  of  outer  space  must  be  balanced  against  the  require- 
ment that  the  development  be  carried  out  in  a manner  beneficial 
to  all  members  of  the  international  community.  In  that  combina- 
tion, the  "free  use"  clause  creates  a tendency  to  limit  the 
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potential  inhibiting  effect  of  a restrictive  construction  of 

Article  1(1).  As  applied  to  the  industrialization  of  outer 

space,  the  "free  use"  principle  has  provided  the  conceptual 

basis  for  resisting  arguments  that  activity  in  outer  space  is 

unlawful  in  the  absence  of  clear  and  convincing  evidence  that 

it  is  being  conducted  for  the  benefit  and  in  the  interest  of 

24 

all  countries  in  accordance  with  Article  1(1).  Consequently, 
Article  1(2)  tends  to  shift  construction  c Article  1(1)  toward 
the  minimal  duty  to  avoid  conducting  space  activities  in  a 
manner  detrimental  to  the  interests  of  non-participating  states 
as  described  above.  In  addition,  the  "free  use"  principle  is 
subject  to  the  prohibitions  both  of  Article  II  relating  to 
non-appropriation  and  of  Article  IV  dealing  with  the  scationing 
of  nuclear  weapons  in  outer  space.  To  the  extent  that  space 
industrial  activities  are  likely  to  contaminate  either  outer 
space  or  earth,  the  "free  use"  principle  is  also  limited  by 
Article  IX. ^ 

B.  Article  II:  Non- Appropriat ion  in  Outer  Space 

The  second  major  limit  on  the  "free  use"  principle  is 
embodied  in  Article  II,  which  provides: 

Outer  space,  including  the  moon  and  other 
celestial  bodies,  is  not  subject  to  national  appro- 
priation by  claim  of  sovereignty,  by  means  of  use 
or  occupation,  or  by  any  other  means. 

The  non- appropriation  principle  is  likely  to  affect  the  activities 

associated  with  space  industrialization  which  involve  either 

consumption  of  space  lesources  or  utilization  of  the  geostationary 
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orbit.  The  language  of  Article  II  raises  three  main  issues 
with  respect  to  industrial  development  in  space: 

1.  the  subject  matter  to  which  the  prohibition  applies; 

2.  the  meaning  of  the  term  "appropriation";  and 

3.  the  validity  of  "appropriation"  by  entities  other 
than  national  governments. 

The  listing  of  space  industrial  activities  set  forth 
in  Part  I contains  two  types  of  resource  utilization.  First, 
satellite  power  systems  arguably  "appropriate"  s lar  energy. 
However,  with  respect  to  solar  energy  the  Article  II  prohibition 
clearly  Joes  not  apply.  One  of  the  primary  purposes  of 

27 

Article  II  is  to  implement  the  "free  use"  policy  of  Article  1(2). 

Article  II  must  therefore  be  construed  to  promote  rather  than 

inhibit  the  expiration  and  use  of  outer  space.  Nearly  all 

satellites  presently  in  service  or  planned  for  the  near  future 

will  depend  on  conversion  of  the  sun's  energy  to  electrical 

power  for  use  in  the  operation  of  their  respective  payloads. 

Large-scale  use  of  alternative  energy  sources  by  satellites 

has  proven  impractical.  As  a result,  application  of  the 

Article  II  prohibition  to  the  use  of  the  sun's  energy  would 

sharply  limit  the  scale,  duration,  and  hence,  the  economic 

viability  of  space  development  projects.  Further,  in  the 

absence  of  special  circumstances,  enforcement  of  Article  II 

against  the  "appropriation"  of  essentially  inexhaustible  space 

2 8 

resources  would  serve  little  purpose,  and  should  be  avoided 
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ir  favor  of  the  "free  use"  principle.  Since  the  same  policy 
considerations  apply  to  conversion  of  solar  energy  for  use 
on  earth  as  well  as  for  use  by  satellites  in  o~bit.  Article  II 
probably  does  not  limit  the  use  of  solar  energy  by  satellite 
power  systems. 

Second,  extraction  of  mineral  ores  and  other  substances 
from  the  moon  or  other  celestial  bodies,  which  may  eventually 
constitute  one  of  the  most  significant  commercial  space  activities, 

arguably  constitute  "appropriation"  in  violation  of  Article  II. 

29 

As  noted  below,  both  the  United  States  and  the  Soviet  Union 
have  taken  the  position  that  although  Article  II  prevents  a 
country  from  exercising  sovereign  control  over  portions  of 
the  moon,  it  does  not  interfere  with  exercise  of  proprietary 
rights  over  natural  resources  after  they  have  been  separated 
from  the  moon's  surface  or  subsurface.  However,  the  inter- 
pretation of  Article  II  is  a central  issue  in  the  negotiations 
relating  to  the  draft  moon  treaty  before  the  CPUOS  Legal  Sub- 
committee. Final  resolution  of  the  dispute  which  has  delayed 
conclusion  of  the  moon  treaty  will  also  depend  on  establishment 
on  the  question  of  potential  rights  of  each  member  of  the 
international  community  to  exhaustible  lunar  resources. 

The  second  catcgot/  of  space  industrial  activities  which 
could  be  significantly  affected  by  Article  II  require  utilization 
of  the  geostationary  orbit.  In  theory,  earth  resources  and 
communications  satellites,  and  satellite  power  systems  could 
be  said  to  "appropriate"  segments  of  the  geostationary  orbit. 
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The  use  of  a particular  orbital  slot  is  undoubtedly  subject 
to  the  terms  of  Article  II,  especially  in  light  of  its  function 
of  providing  support  to  the  "free  use"  principle.  The  question 
is  most  pressing  for  orbital  power  generation,  and  the  analysis 
below  applies  a fort iori  to  other  satellites  in  geostationary 
orbit.  Because  of  the  projected  dimensions  of  a solar  power 
satellite, ^ the  size  of  the  orbital  slot  required  for  safe 
operation  is  substantially  greater  than  that  required  for 
existing  communications  or  meteorological  satellites.  In 
addition,  stress  factors  resulting  from  the  necessary  length 
of  support  beams  suggest  the  need  for  safety  zones  similar  in 
concept  to  those  established  for  installations  engaged  in 
exploitation  of  the  resources  of  submarine  areas.  ^ Although 
the  Article  II  prohibition  clearly  applies  to  the  appropriation 
of  a particular  orbital  slot,  the  determination  of  the  validity 
of  placing  a solar  power  satellite  in  geostationary  orbit  is 
dependent  on  the  meaning  of  the  term  "appropriation"  as  used 
in  Article  II. 

Analysis  of  the  concept  of  "appropriation"  suggests  the 


existence  of  two  subsidiary  elements: 
1.  exclusive  use;  and 
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2.  relatively  permanent  use,  including  consumption. 

It  has  been  argued  that  since  use  of  a particular  orbital  slot 
by  a geostationary  satellite  is  temporary,  the  requirement 
of  permanence  is  absent  and  the  use  of  the  orbital  slot  cannot 
be  considered  an  "appropriation"  within  the  meaning  of 
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Article  II.  Other  authorities  conclude  that  national  use  of 

particular  segments  of  the  orbital  arc  deprives  other  states  of 

the  opportunity  to  use  the  same  area  and  therefore  constitutes 

34 

appropriation  through  occupation.  The  key  issue  is  the 

permanence  of  the  use.  Evaluation  of  the  economic  viability 

of  a satellite  power  system  is  based  on  the  assumption  that 

35 

the  system  would  operate  for  up  to  thirty  years.  Although 
that  period  is  extended,  it  does  not  indicate  the  permanence 
necessary  to  invoke  the  prohibitions  of  Article  II.  However, 
longer  periods  could  exceed  the  limit  and  come  within  the 
purview  of  Article  II. 

The  third  issue  raised  by  the  Article  II  prohibition  focuses 

on  the  identity  of  the  system  operator.  Article  II  appears  to 

prohibit  only  national  appropriation,  suggesting  that  even 

permanent  use  of  an  orbital  slot  by  international  organizations 

or  commercial  entities  would  not  necessarily  constitute  a viola- 

36, 

tion  of  that  provision.  Consequently,  a commercial  consortium 
would  not  be  prohibited  under  Article  II  from  maint'ning  a 
solar  power,  earth  resources  or  communications  sate-  te  in  a 
particular  orbital  slot  for  an  indefinite  period.  Similarly, 
subject  to  establishment  of  a clear  distinction  from  other  types 
of  organizations,  an  ’’international"  organization  would  not  be 
prohibited  either  from  operating  a similar  system  or  allocating 
orbital  slots  among  its  members.  For  that  reason,  the  activities 
of  the  International  Telecommunication  Union  described  below 
in  Section  III  relating  to  the  management  of  the  geostationary 
orbit  do  not  violate  Article  II. 


167 


? 


-26- 


Three  potential  limitations  on  these  conclusions  should  be 
noted.  First,  the  interpretation  set  forth  above  would  not 
permit  commercial  or  international  organizations  from  claiming 
exclusive  rights  to  a particular  area  of  outer  space  in  the 
absence  of  actual  use.  Thus,  if  such  an  organization  had 
maintained  a satellite  in  a specific  orbital  slot  for  a sub- 
stantial period  of  time  and  the  satellite's  station-keeping 
systems  subsequently  failed,  the  organization  would  not  be 
entitled  to  prevent  any  other  entity  from  occupying  that  slot 
pending  orbiting  a replacement  satellite  by  the  original 
occupant.  Second,  if  an  entity  were  established  which  although 
commercial  in  form  was  essentially  under  the  control  of  the 
government  of  the  country  in  which  it  is  organized,  permanent 

use  would  constitute  national,  as  distinguished  from  non-national, 
37 

appropriation.  Third,  dispute  has  arisen  regarding  the 
minimum  standard  of  universality  which  would  determine  whether 
an  international  organization  would  be  implicitly  exempted 
from  the  rule  of  non-appropriation.  Professor  Jenks  has  argued 
that  only  the  United  Nations  as  a representative  of  the  whole 

T O 

international  community  should  be  exempt.  Presumably  any  inter- 
governmental organization  of  relatively  universal  membership 
satisfies  the  minimum  standard.  However,  some  question  remains 

regarding  the  exemption  of  an  organization  composed  of  a limited 

39 

number  of  governments. 

Thus,  the  Article  II  prohibition  against  the  appropriation 
of  oute  space  applies  to  exclusive  use  of  a segment  of  the 
geostationary  orbit.  However,  the  prohibition  does  not  apply 
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to  the  activities  of  either  non-governmental  entities  or 
relatively  comprehensive  international  organizations.  The 
implications  of  the  non-appropi iation  provision  for  space 
industrial  activities  are  further  limited  by  the  conclusion 
that  since  the  use  contemplated  is  not  permanent,  exclusive  use 
for  a limited  period  of  time  would  not  constitute  "appropriation" 
as  that  term  is  used  in  Article  II.  Hence,  regardless  of  the 
operating  entity's  institutional  structure,  it  can  expect  to 
conduct  industrial  activities  in  geostationary  orbit  without 
concern  that  its  action  violates  Article  II. 

C.  Article  III 

Another  fundamental  principle  affecting  the  utilization  of 
outer  space  is  the  general  applicability  of  international  law 
as  embodied  in  Article  III,  which  provides: 

States  Parties  to  the  Treaty  shall  carry  on 
activities  in  the  exploration  and  use  of  outer  space, 
including  the  moon  and  other  celestial  bodies,  in 
accordance  with  international  law,  including  the 
Charter  of  the  United  Nations,  in  the  interest  of 
maintaining  international  peace  and  security  and 
promoting  international  co-operation  and  understanding. 

As  suggested  in  Subsections  A and  B above,  Article  III,  through 

its  reference  to  the  United  Nations  Charter,  affects  industrial 

development  of  outer  space,  first,  because  it  prohibits  the 

aggressive  use  of  military  force,  and  second,  because  it  does 

not  prohibit  the  use  of  economic  leverage  for  political 

purposes.  In  both  cases,  the  key  is  Article  2(4)  of  the 

United  Nations  Charter  which  provides: 
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All  Members  [of  the  United  Nations]  shall  refrair 
in  their  international  relations  from  the  threat 
or  use  of  force  against  the  territorial  integrity 
or  political  independence  of  any  state,  or  in  any 
manner  inconsistent  with  the  purposes  of  the  United 
Nations. 

Interpretation  of  this  provision  in  light  of  the  remainder 
of  the  Charter  suggests  that  the  use  of  armed  force  is  prohibited, 
except  under  certain  specified  circumstances  when  the  use  of 
force  in  self-defense  is  authorized. 40  Consequently,  under 
Article  III  use  of  outer  space  for  defensive  purposes  is  not 
prohibited.  That  conclusion  is  strengthened  by  the  language  of 

Article  IV  as  described  below  in  Section  I.D. 

In  connection  with  the  analysis  of  Article  1(1)  in 
Section  I. A.  above,  it  was  suggested  that  international  law 
would  not  prohibit  the  operator  of  a space  industrial  facility 
from  engaging  in  economic  competition  with  other  countries 
which  produce  similar  products  or  from  using  the  availability 
of  the  products  of  those  facilities  to  exert  economic  pressure 
on  consuming  countries  as  a means  of  political  persuasion. 
Construction  of  Article  2(4)  of  the  Charter  limiting  its 
prohibition  to  the  use  of  armed  force  is  a significant  part  of 
the  conceptual  underpinnings  of  that  proposition.  The  conclu- 
sion that  economic  leverage  is  not  prohibited  under  Article  2(4) 
is  supported  by  significant  authority. ^ In  addition,  that 

conclusion  is  consistent  with  prevailing  general  international 
42 

law.  As  a result,  the  system  operator  need  not  be  concerned 
that  any  means  of  selecting  or  limiting  consumers  of  the  system's 
products  contravenes  existing  international  law. 
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D.  Article  IV 

Some  of  the  applications  listed  in  Part  I could  be  converted 
to  military  purposes.  Article  IV  of  the  Outer  Space  Treaty, 
which  limits  these  possibilities,  provides  in  part: 

States  Parties  to  the  Treaty  undertake  not  to 
place  in  orbit  around  the  earth  any  objects  carrying 
nuclear  weapons  or  any  other  kinds  of  weapons  of 
mass  destruction,  install  such  weapons  on  celestial 
bodies,  or  station  such  weapons  in  outer  space  in 
any  other  manner. 

The  language  of  Article  IV  raises  two  main  issues: 

1.  the  implications  for  industrial  development  of  outer 
space  of  the  Article  IV  prohibition  against  the 
stationing  of  weapons  of  mass  destruction  in  orbit; 
and 

2.  the  impact  on  Article  IV  on  plans  to  establish  military 
facilities  in  orbit  for  the  protection  of  a satellite 
power  system  from  attack. 

In  Section  I. A. 2.  above,  analysis  of  Article  IV  in  the 
context  of  the  concept  of  the  exclusive  use  of  outer  space  for 
peaceful  purposes  suggested,  among  others,  the  conclusion 
that  Articles  1(1)  and  IV (1)  implicitly  authorize  the  esta- 
blishment of  military  installations  and  weapons  systems 
in  outer  space  --  but  not  on  the  celestial  bodies  --  which  are 
exclusively  defensive  in  nature,  provided  they  do  not  contain 
nuclear  weapons  or  other  weapons  of  mass  destruction.  Of  the 
activities  described  in  Part  I,  only  satellite  power  systems 
and  their  microwave  or  laser  transmission  beams  appear  likely 


171 


-30- 


to  be  adaptable  for  direct  use  as  weapons.  The  possibility 
that  the  products  of  industrial  facilities  in  outer  space 
could  be  used  for  military  purposes  is  discussed  in  Section  I. A. 2. 
above. 

Because  of  the  nature  of  the  transmission  beam,  the  argu- 
ment may  be  made  that  the  establishment  of  a satellite  power 
system  potentially  constitutes  the  stationing  of  a weapon  of 
mass  destruction  in  outer  space  in  violation  of  Article  IV. 

The  system  operator  can  make  at  least  three  responses.  First, 
the  system  is  designed  not  as  a weapon  but  as  a utilitarian 
device  for  the  efficient  use  of  solar  resources.  Any  of  the 
present  designs  incorporates  a series  of  safety  devices  to 

terminate  transmission  of  power  when  the  transmission  beam 

43 

moves  outside  the  intended  reception  area.  Although  the 

selection  of  a laser  transmission  beam  could  constitute  a 

safety  hazard,  the  tendency  among  designers  is  toward  the  use 

44 

of  a microwave  beam  which  is  considered  less  dangerous. 

Nonetheless,  the  potential  harm  from  a microwave  beam  should 

4 5 

not  be  underestimated.  Second,  in  geostationary  orbit  the 
satellite's  configuration  and  location  would  limit  its  use  as 
a weapon.  Third,  the  system  is  not  likely  to  be  operated  by 
military  or  national  security  entities  and  is  therefore  less 
susceptible  to  use  as  a weapon.  Thus,  although  use  of  a satel- 
lite power  system  as  a weapon  is  clearly  prohibited  under 
Article  I.V.(l),  the  probability  of  such  use  as  well  as  the 
value  thereof  is  rather  small. 
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Application  of  Article  IV  to  the  establishment  of  military 
installations  in  space  to  protect  space  industrial  facilities 
is  somewhat  more  complex.  Once  established,  space  industrial 
facilities,  especially  those  ir.  geostationary  orbit,  would 
present  a desirable  target  for  military  or  terrorist  action. 

The  large  size  of  power  generation  and  manufacturing  structures 
would  increase  the  margin  of  error  for  targeting  purposes  and 
therefore  decrease  the  level  of  military  sophistication 
required  to  ensure  reasonable  probability  of  a successful 
attack.  In  addition,  the  potential  importance  of  indust?  i.l 
facilities  to  a nation's  economic,  political  and  military 
potential  suggests  that  destruction  of  the  system  would  be 
assigned  a high  priority  in  time  of  military  or  political 
conflict.  Finally,  because  an  attack  on  the  system  could 
create  significant  social  and  political  impact  without 
jeopardizing  human  life,  the  system  would  represent  a desirable 
target  for  symbolic  actions. 

In  theory,  Article  VII  of  the  Outer  Space  Treaty  and  the 
procedure  established  in  the  Convention  on  International 
Liability  for  Damage  Caused  by  Space  Objects  would  provide 
remedies  for  any  damage  except  that  caused  by  actions  taken 
against  the  system  not  involving  a space  object.  A laser 
attack  originating  from  a terrestrial  installation  is  a 
possible  example.  However,  the  procedures  established  by 
treaty  are  not  likely  to  be  effective,  especially  in  cases  of 
deliberate  destruction.  First,  extensive  delays  must  be 
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anticipated  prior  to  resumption  of  service,  with  obvious 
consequences  for  the  launching  state's  economic  stability. 

Sect  id,  since  diplomatic  claims  settlement  procedures  are 
involved,  full  recovery  of  damages  specified  in  Article  XII 
of  the  Convention  in  Liability  is  not  likely,  first,  because 
damage  claims  are  often  discounted,  and  second,  because  few 
countries  have  the  economic  capacity  to  repay  the  cost  of 
establishing  a space  installation.  Third,  a successful  attack 
could  create  potential  hazards  from  debris  in  space  and,  in 
the  case  of  satellite  power  systems,  from  transmission  beam 
spillover  on  the  earth's  surface. 

In  light  of  the  foregoing  considerations,  some  means  of 
military  protection  is  considered  desirable.  Terrestrial 
weapons  systems  are  likely  to  be  limited  in  their  ability  to 
defend  space  installations  against  attack  either  from  outer 
space  or  from  the  earth.  Hence,  some  form  of  defensive  weapons 
system  stationed  in  space  in  a position  to  protect  the  satellite 
power  system  appears  necessary. 

In  Section  I.A.2.,  an  analysis  of  Articles  1(1)  and  IV 
and  the  concept  that  outer  space  should  be  used  exclusively  for 
peaceful  purposes  led  to  two  main  conclusions: 

1.  the  stationing  of  nuclear  and  other  weapons  of  mass 
destruction  in  outer  space  is  prohibited; 

2.  military  activity  in  outer  space  is  not  prohibited  if 
it  is  defensive  or  non-aggressive  in  nature. 
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The  same  principles  apply  to  the  establishment  of  a weapons 
system  in  space  for  the  protection  of  the  space  segment  of 
space  industrial  facilities.  In  principle,  Articles  1(1), 

III  and  IV  do  not  prohibit  the  establishment  of  sucn  a weapons 
system  provided  it  does  not  incorporate  weapons  of  mass 
destruction  or  require  the  use  of  installations  on  the  moon 
or  other  celestial  bodies. 

Some  difficulty  could  arise,  however,  if  a protective 
system  were  incorporated  which  purported  to  be  defensive  in 
nature  but  which  could  be  trained  on  earth  or  other  celestial 
bodies,  or  upon  large  space  objects  and  used  for  aggressive  as 
well  as  defensive  purposes.  Although  it  could  be  argued  that 
the  exigencies  of  national  security  and  modern  warfare 
require  i jeh  flexibility,  the  dual  purpose  approach  would 
undermine  the  rationale  for  omitting  defensive  weapons  systems 
from  the  prohibitions  of  Article  IV.  As  a result,  such  systems 
may  be  considered  unlawful  to  the  extent  that  they  are  capable 
of  inflicting  mass  destruction. 

E.  Article  VI46 


Article  VI,  which  establishes  the  foundations  for  inter- 
national responsibility  for  activities  in  outer  space  provides: 

States  Parties  to  the  Treaty  shall  bear  inter- 
national responsibility  for  national  activities  in 
outer  space,  including  the  moon  and  other  celestial 
bodies,  whether  such  activities  are  carried  on  bv 
governmental  agencies  or  by  non-governmental  entities, 
and  for  assuring  that  national  activities  are  carried 
out  in  conformity  with  the  provisions  set  forth  in 
the  present  Treaty.  The  activities  of  non-governmental 
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entities  in  outer  space,  including  the  moon  and  other 
celestial  bodies,  shall  require  authorization  and 
continuing  supervision  by  the  State  concerned.  When 
activities  are  carried  on  in  outer  space,  including 
the  moon  and  other  celestial  bodies,  by  an  international 
organization,  responsibility  for  compliance  with 
this  Treaty  shall  be  borne  both  by  the  international 
organization  and  by  the  States  Parties  to  the  Treaty 
participating  in  such  organization. 

Thus,  each  state  which  is  a party  to  the  treaty  is  charged  with 

the  obligation,  first,  to  ensure  that  the  activities  of  its 

nationals  comply  with  the  provisions  of  the  treaty,  and  second, 

to  accept  responsibility  for  those  activities  which  contravene 

applicable  provisions.  In  this  manner,  states  are  unable  to 

avoid  the  duty  of  compliance  through  the  use  of  institutional 

configurations  which  do  not  involve  elements  of  the  national 
4 7 

government.  Consequently,  the  responsibility  of  each  state's 

government  is  not  affected  by  the  juridical  character  of  the 

entity  actually  operating  the  satellite  power  system. 

A state's  duty  to  supervise  the  activities  of  its  nationals 

for  practical  purposes  probably  prohibits  unregulated, 

4 8 

private  undertakings.  Article  VIII  of  the  Outer  Space  Treaty 
reinforces  the  obligation  by  requiring  the  state  under  whose 
registry  an  object  is  launched  into  outer  space  to  retain  control 
and  jurisdiction.  In  light  of  the  potentially  hazardous 
character  of  many  activities  related  to  industrial  development 
in  outer  space,  especially  satellite  power  generation,  the  policy 
considerations  underlying  Article  VI  suggest  the  need  for 
relatively  strict  supervision.^^  The  provisions  of  Article  VII 
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and  the  Convention  on  International  Liability  for  Damage  Caused 
by  Space  Objects,50  which  impose  liability  on  the  launching 
state  f^r  damage  resulting  from  space  activity,  are  likely  to 
give  rise  to  practical  and  foreign  policy  considerations  which 
create  pressure  upon  national  governments  to  exercise  the 
supervision  necessary  to  ensure  protection  against  the  potential 
hazards  of  orbital  power  generation. 

Although  governments  are  required  *o  ensure  compliance  of 
their  respective  nationals  with  appropriate  provisions  of  the 
treaty,  Article  VI  docs  not  have  the  effect  of  subjecting 
non-governmental  entities  to  provisions  which  would  otherwise 
not  apply  to  them.  Tor  example,  as  suggested  above  in 
Section  II. A.,  Article  II  does  not  apply  either  to  private 
sector  entities  or  to  international  organizations.  Although 
terms  of  Article  VI  require  states  parties  to  the  treaty  to 
ensure  compliance  of  their  nationals  with  its  provisions, 

Article  VI  does  not  extend  the  prohibition  against  appropriation 
to  entities  which  are  not  covered  by  the  terms  of  Article  II. 

F.  Article  VII 


Article  VII,  which  embodies  the  fundamental  principles 
governing  liability  for  danger  arising  from  space  activities, 
provides : 

Each  State  Party  to  the  Treaty  that  launches  or 
procures  the  launching  of  an  object  into  outer  space, 
including  the  moon,  and  other  celestial  bodies,  and 
each  State  Party  from  whose  territory  or  facility  an. 
object  is  launched,  is  internationally  liable  for 
damage  to  another  State  Party  to  the  Treaty  or  to  its 
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natural  or  juridical  persons  by  such  object  or  its 
component  parts  on  the  Earth,  in  air  space  or  in  outer 
space,  including  the  moon  and  other  celestial  bodies. 

Because  of  the  wide  range  of  potential  environmental  and  other 

hazards  which  could  be  created  by  establishment  and  operation 

of  space  industrial  facilities,  the  question  of  liability  is 

particularly  significant.  Potential  injuries  include: 

1.  Damage  to  body  tissue  of  humans  and  wildlife  exposed 
to  nuclear  and  electromagnetic  radiation; 

2 . Radio  frequency  interference; 

3.  Interference  with  electronic  instrumentation,  especially 
devices  associated  with  medical,  navigation,  and 
explosives  detonation  activities;  and 

4.  Environmental  modification,  including  weather  and 
climate  alteration,  resulting  from  increased  heat 

generation  and  interaction  of  the  transmission  beam 

> 

and  launch  vehicle  exhausts  with  the  vpper  atmosphere 
ai.d  ionosphere. 

If  injury  results  from  the  operation  of  a satellite  power  system, 
the  injured  party  is  entitled  to  redress  under  Article  VII. 

Under  itr  terms,  the  state  which  procured  the  launch  of  the 
vehicle  causing  the  injury  and  the  state  which  launched  the 
space  object  are  internationally  liable  to  the  entity  actually 
injured,  or  to  its  national  government.  The  language  of 
Article  VII  raises  two  main  issues: 

1.  the  meaning  of  the  word  "damage";  and 

2.  the  meaning  of  the  phrase  "internationally  liable." 
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Although  the  terms  of  Article  VII  provide  no  guidance  on  these 
issues,  the  broad  principles  of  Article  VII  were  implemented 
in  the  Convention  on  International  Liability  for  Damage  Caused 
by  Space  Objects.  Since  Article  VII  raises  no  issues  which  are 
distinguishable  from  those  raised  by  application  of  the 
Liability  Convention  to  space  industrialization,  discussion 
of  the  Article  VII  principles  is  incorporated  in  Section  II 
of  this  Part,  which  examines  the  Liability  Convention. 

G.  Article  VIII 


Article  VIII  of  the  Outer  Space  Treaty,  pertaining  to 
the  ownership  and  control  of  objects  in  outer  space  provides: 

A State  Party  to  the  Treaty  on  whose  registry  an 
object  launched  into  outer  space  is  carried  shall 
retain  jurisdiction  and  control  over  such  object, 
and  over  any  personnel  therefor,  while  in  outer  space 
or  on  a celestial  body.  Ownership  of  objects  launched 
into  outer  space,  including  objects  landed  or  constructed 
on  a celestial  body,  and  of  their  component  parts, 
is  not  affected  by  their  presence  in  outer  space 
or  on  a celestial  body  or  by  their  return  to  the  Earth. 
Such  objects  or  component  parts  found  beyond  the  limits 
of  the  State  Party  to  the  Treaty  on  whose  registry 
they  are  carried  shall  be  returned  to  that  State, 
v'hicn  shall,  upon  request,  furnish  identifying  data 
prior  to  their  return. 

The  first  sentence  assists  implementation  of  the  provisions 
of  Articles  VI  and  VII  relating  to  international  responsibility 
and  liability  for  activities  in  outer  space,  particularly 
over  nationals  operating  in  non-governmental  capacities. 
Although  the  nature  and  scope  of  national  control  is  likely 
to  vary  from  country  to  country,  possibly  giving  rise  to  a 
"flag  of  convenience"  practice  in  outer  space,  Article  VIII  is 
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likely  to  introduce  or  increase  regulatory  limitations  on 
industrial  development  in  outer  space.  Consequently,  entities 
which  are  interested  in  participating  in  the  development  of 
outer  space  should  anticipate  that  current  developments  in 
regulatory  concedes  and  practices  are  likely  to  serve  as 
precedents  for  re  ulation  of  space  activities.  Hence,  those 
entities  should  consider  whether  regulatory  developments  in 
relevant  areas,  both  substantive  and  geographic,  should  be 
monitored  for  purposes  of  identifying  ..rends  and  formulating 
plans  for  participating  in  the  evolution  of  regulatory  structures. 

The  second  sentence  is  considered  extremely  important 
to  institution  of  operational  industrial  services  in  outer 
spa:e.  By  protecting  the  rights  of  ownership  as  established 
in  accordance  ivith  traditional  international  law.  Article  VIII 
provides  the  basis  for  industrialization  of  outer  space  under 
both  commercial  and  national  governmental  organizational 
structures.  As  suggested  below  in  Section  IV,  the  capital 
investment  necessary  to  develop,  establish  and  operate  a 
satellite  nower  system  would  be  deterred  or  completely  prevented 
if  rights  of  ownership  arc  not  protected. 

II.  Article  IX 

Article  IX,  the  final  provision  of  the  Outer  Space  Treaty 
which  is  likely  to  affect  the  industrialization  of  outer  space, 
provides : 
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In  the  exploration  and  use  of  outer  space, 
including  the  moon  and  other  celestial  bodies.  States 
Parties  to  the  Treaty  shall  be  guided  by  the  principle 
of  co-operation  and  mutual  assistance  and  shall 
conduct  all  their  activities  in  outer  space,  including 
the  moon  and  other  celestial  bodies,  with  due  regard 
to  the  corresponding  interests  of  all  other  States 
Parties  to  the  Treaty.  States  Parties  to  the  Treaty 
shall  pursue  studies  of  outer  space,  including  the 
moon  and  other  celestial  bodies,  and  conduct  explora- 
tion of  them  so  as  to  avoid  their  harmful  contamina- 
tion and  also  adverse  changes  in  the  environment  of 
the  Earth  resulting  from  the  introduction  of  extra- 
terrestrial matter  and,  where  necessary,  shall  adopt 
appropriate  measures  for  this  purpose.  If  r.  State 
Party  to  the  Treaty  has  reason  to  believe  that  an 
activity  or  experiment  planned  by  it  or  its  nationals 
in  outer  space  including  the  moon  and  ether  celestial 
bodies,  would  cause  potentially  harmful  interference 
with  activities  of  other  States  Parties  in  the  peaceful 
exploration  and  use  of  outer  space,  including  the 
moon  and  other  celestial  bodies,  it  shall  undertake 
appropriate  international  consultations  before  pro- 
ceeding with  any  such  activity  or  experiment.  A 
State  Party  to  the  Treaty  which  has  reason  to  believe 
that  an  activity  or  experiment  planned  by  another 
State  Party  in  outer  space,  including  the  moon 
and  other  celestial  bodies,  would  cause  potentially 
harmful  interference  with  activities  in  the  peaceful 
exploration  and  use  of  outer  space,  including  the 
moon  and  other  celestial  bodies,  may  request  consulta- 
tion concerning  the  activity  or  experiment. 

Like  Article  II,  Article  IX  operates  as  a limit  on  the 
"free  use"  principle  of  Article  1(2).  The  key  provision 
contained  in  the  first  sentence  of  Article  IX  requires  states 

to  "conduct  all  their  activities  in  outer  space  with 

due  regard  to  the  corresponding  interests  of  all  other  States 
Parties  to  the  Treaty.52  The  remaining  three  sentences 
implement  the  "due  regard"  requirement . 55 

The  limitation  contained  in  the  first  sentence  is  particu- 
larly relevant  to  the  use  of  the  geostationary  orbit,  where 
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the  problem  of  conflicting  uses  is  complicated,  first,  by 
potential  interference  among  satellites  which  are  located  in 
proximity  to  one  another,  and  second,  by  disputes  between 
countries  which  intend  to  use  a particular  orbital  slot  in  the 
present  or  the  near  future  and  countries  which  plan  to  use  the 
same  slot  in  the  more  distant  future  and  which  are  therefore 
co. .corned  about  preserving  their  future  interests.  In  an  effort 
to  promote  resolution  of  these  potential  conflicts,  Article  IX 
provides  the  basis  for  consultation  among  the  concerned  parties.  ^ 
The  general  policies  of  Article  IX  are  applied  to  the  utilization 
of  the  geostationary  orbit  by  the  International  Telecommunication 
Convention  and  the  Radio  Regulations  periodically  revised  by 
ITU  conferences. 

The  second  sentence,  which  requires  states  parties  to 
the  treaty  to  conduct  activities  in  outer  space  so  as  to 
avoid  both  harmful  contamination  of  outer  space  and  adverse 
changes  in  the  earth's  environment  resulting  from  the  intro- 
duction of  extraterrestrial  matter,  could  limit  operation 
of  space  industrial  facilities,  if  liberally  construed.  On  its 
face,  the  second  sentence  is  limited  to  environmental  hazards 
potentially  created  by  extraterrestrial  matter  brought  within 
the  earth's  biosphere.  Although  the  distinction  between  matter 
and  energy  is  not  yet  precisely  defined  for  these  purposes, 
the  passage  of  the  satellite  power  system  transmission  beam, 
for  example,  through  the  earth's  atmosphere  appears  to  fall 
outside  the  scope  of  the  second  sentence. 
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However,  the  combination  of  the  first  two  sentences  may 

have  the  effect  of  extending  the  prohibit4on  to  the  introduction 

of  any  physical  phenomenon  which  could  adversely  affect  the 

eaith's  environment.  The  first  sentence  implicitly  incorporates 

at  least  conceptually  the  requirement  of  Article  1(1)  that  outer 

space  be  used  "for  the  benefit  and  in  the  interest  of  all 

countries . "****  To  the  extent  the  two  provisions  are  coextensive, 

the  first  sentence  would  require  space  powers  to  conduct  their 

space  activities  in  a manner  which  does  not  prejudice  the 

"corresponding"  interests  of  non-participants.  The  definition 

of  the  term  "corresponding"  is  not  clarified,  but  presumably 

encompasses  both  space  and  terrestrial  interests  likely  to  be 

affected  by  space  activities,  in  a manner  comparable  to  the 

"common  interests"  clause  of  Article  1(1).^  Conseauently , 

Article  IX  requires  that  consideration  be  given  to  the  elimina- 

57 

tion  of  the  advei^e  effects  listed  above,  especially  to  the 
extent  they  effect  the  interests  of  states  other  than  the  state 
conducting  the  activity  in  question. 

The  third  and  fourth  sentences  establish  a minimum 
standard  for  "due  consideration."  If  the  state  undertaking 
the  activity  has  reason  to  believe  that  activities  planned 
by  its  nationals  are  likely  to  cause  harmful  interference  with 
the  activities  of  other  states  parties  to  the  treaty,  it  is 
obligated  to  "undertake  appropriate  international  consultations” 
with  the  affected  states  prior  to  implementation  of  its  plans. 
Similarly,  if  one  party  has  reason  to  believe  that  the  activities 
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of  another  party  would  cause  potentially  harmful  interference 

with  activities  relating  to  the  exploration  and  use  of  outer 

space,  the  former  may  request  such  consultations,  even  if  its 

58 

own  activities  would  not  be  adversely  affected.  The  consulta- 
tion provisions  raise  three  key  issues: 

1.  when  does  a party  have  sufficient  "reason  to  believe" 
that  harmful  interference  would  result  from  the  planned 
activities? 

2.  what  constitutes  harmful  interference? 

3.  what  are  the  characteristics  of  "appropriate  interna- 
tional consultations? 

Under  the  language  of  the  third  sentence  of  Article  IX, 

the  obligation  of  a state  planning  to  engage  in  space  activity 

becomes  operative  when  it  has  "reason  to  believe"  that  execution 

of  plans  would  cause  harmful  interference  with  the  activities  of 

other  states  in  outer  space.  Thus,  the  determination  that  the 

obligation  has  become  operative  is  solely  within  the  discretion 

of  the  launching  state.  If  it  lacks  sufficient  information 

relating  either  to  interference  factors  or  to  the  plans  of 

existing  space  activities  of  other  states,  the  launching  state 

59 

is  authorized  to  proceed  wit  tout  consultation.  The  scope  of 
this  discretion  may  be  limited,  however,  by  communications  from 
states  whose  space  activities  would  be  adversely  affected  or  from 
third  states  to  the  launching  states  informing  the  latter  of 
potential  interference  and  requesting  consultations  as  provided 
in  the  fourth  sentence  of  Article  IX. 
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Article  IX  does  not  provide  a clear  standard  for  determining 
when  the  activities  of  one  state  "could  cause  potentially 
harmful  interference"  with  the  activities  of  another.  The 
language  of  the  third  st  tence  suggests  that  only  interferences 
with  the  space  activities,  as  distinguished  from  the  earth- 
bound  activities,  of  another  state  are  relevant;  however,  since 
a large  proportion  of  space  activity  necessarily  involves 
support  activities  on  the  earth’s  surface,  interference  with 
those  also  gives  rise  to  the  consultative  obligation  of 
Article  IX. ^ Further,  interference  can  only  occur  with  respect 
to  activities  which  constitute  "peaceful  uses  of  outer  space. ^ 
Presumably,  the  term  "interference"  is  used  in  its  ordinary 
meaning  to  signify  conflicting  uses  resulting  in  obstruction, 
creation  of  significant  hazards  or  significantly  diminishing 
the  efficiency  of  space  activities. 

The  characteristics  of  "appropriate  international  consul- 
tations" are  left  undefined.  From  the  context,  the  term 
"consultation"  refers  to  the  joint  examination  --  including 
the  exchange  of  relevant  infoimation  --of  the  proposed 
activities  and  the  probable  consequences  for  each  consulting 
party's  interests.  Since  the  term  "consultation"  was 
selected  by  the  drafters  of  Article  IX,  the  parties  are  obliged 
only  to  make  a good  faith  effort  to  conduct  the  joint  examination 
with  a view  to  reaching  satisfactory  resolution  of  conflicts 
among  the  consulting  states.  However,  Article  IX  imposes  no 
obligation  to  achieve  reconciliation.  ^ Although  the  form  or 
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forum  of  consultation  is  not  significant,  the  consultation  must 
involve  either  diplomatic  or  scientific  elements  of  the  affected 
governments.  As  emphasized  by  the  use  of  the  word  "interna- 
tional," the  duty  to  consult  is  primarily  bilateral  in  nature 

although  consultation  under  the  auspices  of  an  intergovernmental 

• • • 64 

organization  is  not  precluded.  The  suggestion  that  Article  IX 
consultation  must  include  all  parties  to  the  Outer  Space  Treaty 
cannot  be  supported. ^ 

Thus,  Article  IX  would  require  operators  of  space  indus- 
trial facilities  to  conduct  their  activities  with  due  regard 
at  least  to  the  space  activities  of  other  states.  Although 
that  requirement  is  likely  to  affect  most  directly  the  use  of 
tne  geostationary  orbit,  it  imposes  a duty  to  remain  alert  to 
the  possibility  of  adversely  affecting  the  space  interests  of 
other  states.  In  those  cases  where  adverse  consequences  are 
likely,  the  operator  is  required  to  consult  in  good  faith  with 
the  affected  parties,  with  a view  to  the  elimination  of  those 
consequences.  However,  the  Article  IX  duty  to  enter  into 
appropriate  consultations  does  not  impose  an  obligation  to 
accept  unnecessary  restrictions  on  the  operation  of  industrial 
facilities  in  space.  Nonetheless,  participation  in  such 
consultations  by  the  government  of  the  state  whose  nationals 
are  conducting  the  space  operations  in  question  muse  be  antici- 
pated. Sucn  participation  is  likely  to  limit  the  flexibility 
of  space  industrialists  in  their  consultations,  by  applying 
pressure  based  on  national  foreign  policy  interests. 
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II.  CONVENTION  ON  INTERNATIONAL  LIABILITY  I- OR  DAMAGE  CAUSED 
BY  SPACE  OBJECTS 

Article  VII  of  the  1967  Outer  Space  Treaty  established 

a basis  for  the  imposition  of  liability  for  damage  or  injury 

caused  by  a space  object.  However,  due  to  the  general  nature 

of  its  provisions,  Article  VII  did  not  create  specific  principles 

directly  applicable  to  damage  actually  resulting  from  space 

activity.  In  an  effort  to  formulate  appropriate  principles, 

the  Committee  on  the  Peaceful  Uses  of  Outer  Space  (CPUOS) 

stepped  up  its  consideration  of  questions  of  liability.  As  a 

result,  a draft  convention  was  submitted  to  the  General 

Assembly  and  adopted  on  November  29,  19/1,  in  Resolution 

2777  (XXVI).'*'  The  convention  entered  into  force  for  the  United 

2 

States  on  October  9,  1973.  In  its  present  form,  the  convention 
contains  six  main  sections: 

1.  Articles  I - V 1 1 establish  the  fundamental  principles 
of  liability  and  scope  of  coverage; 

2.  Articles  VJII-XX  set  forth  guidelines  for  presentation 
and  prosecution  of  claims; 

3.  Article  XXI  provides  for  special  assistance  in  the 
case  of  damage  on  a massive  scale; 

4.  Article  XXII  generally  applies  the  rules  of  liability 
to  international  intergovernmental  organizations; 

5.  Article  XXIIT  limits  the  convention’s  impact  on  other 
international  agreements;  and 
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6.  Articles  XXIV-XXVIII  establish  the  procedures  for 
signature,  amendment  and  entry  into  force  of  the 
Convention. 

A.  Articles  I-VII 

Article  I contributes  to  the  delimitation  of  the  scope 

of  the  convention,  through  its  definitions  of  "damage"  and 

"launching  state."  Article  1(a)  defines  "damage"  to  mean 

loss  of  life,  personal  injury  or  other  impairment 
of  health;  or  loss  of  or  damage  to  property  of  States 
or  of  persons,  natural  or  juridical,  or  property  of 
international  intergovernmental  organizations  .... 

Although  undoubtedly  covering  damage  directly  resulting  from 
launch  or  operation  of  a space  object,  that  language  leaves 
open  the  question  whether  the  definition  covers  consequential  or 
non-physical  damage.3  Since  many  of  the  potential  damage  categories 
associated  with  space  industrialization^  are  either  consequen- 
tial or  non-physical  in  nature,  the  ambiguity  is  significant 
for  entities  potentially  involved  in  space  activities.  A 
survey  of  relevant  authority  suggests  that  the  range  of  damage 
categories  intended  to  be  covered  is  relatively  broad. 5 
Consequently,  impairment  of  mental  and  social  well-being  are 
likely  to  be  covered. ^ Loss  of  consortium,  other  forms  of 
"moral"  damage,  as  well  as  forms  of  non-physical  damage, 

7 

including  electronic  interference  are  probably  not  covered. 

The  second  element  of  Article  1 which  contributes  to  the 
definition  of  the  convention's  scope  is  Paragraph  (c)  which 
defines  the  term  "launching  State"  to  mean: 
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(i)  A State  which  launches  or  procures  the 
launching  of  a space  object: 

(ii)  A State  from  whose  territory  or  facility 
a space  object  is  launched  .... 

This  definition  is  significant,  since  the  liability  described 

in  subsequent  articles  is  imposed  on  the  "launching  State." 

The  content  of  Article  1(c)  is  based  on  Article  VII  of  the 

Outer  Space  Treaty  and  is  consistent  therewith.  As  discussed 

Q 

in  greater  detail  below,  the  possibility  that  liability  could 
be  imposed  on  three  separate  governments  for  damage  caused  by  a 

c 

space  object  raises  procedural  complications  which  must  be  antipated.' 

Another  ambiguity  is  created  by  the  definition  in  Article  1(d) 

of  the  term  "space  object,"  which  provides: 

(d)  The  term  "space  object"  includes  component 
parts  of  a space  object  as  well  as  its  launch  vehicle 
and  parts  therof. 

Although  by  its  terms,  Article  1(d)  clearly  covers  a launch 
vehicle  and  each  of  its  components,  as  well  as  a "space  object" 
and  its  components,  the  language  does  not  provide  clear 
guidance  regarding  the  nature  of  a "space  object."  T;.  term 
is  used  in  the  Outer  Space  Treaty  to  describe  object  * , a.,  ched 
into  outer  space  (Articles  VII  and  V*II),  objects  in  ^ i + 
around  the  earth  (Article  IV)  or  objects  which  are  simr>’. 
launched  (Article  X).10  Natural  objects  such  as  asteroie 
are  probably  excluded  unless  some  means  of  independent  pi  '"pulsion 
were  constructed  on  it.  Similarly,  a question  may  be  raised 
regarding  the  status  of  objects  which  are  manufactured  or 
assembled  in  orbit. 
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Other  limits  on  the  applicability  of  the  convention  arc 
contained  in  Article  VII,  which  excludes  fr  <\  coverage: 

(a)  Nationals  of  [the]  launching  State; 

(b)  Foreign  nationals  during  such  time  as  they 
are  participating  in  the  operation  of  [a]  space 
object  from  the  time  of  its  launching  or  at  any 
stage  thereafter  until  its  descent,  or  during  such 
time  as  they  are  in  the  immediate  vicinity  of  a 
planned  launching  or  recovery  area  as  the  result  of 
an  invitation  by  that  launching  State. 

As  a result,  nationals  of  the  launching  state  are  limited 

to  the  judicial  or  administrative  remedies  provided  by  the 

law  of  the  launching  state.  Presumably  foreign  nationals 

participating  in  the  launch,  ope*atior.  and  recovery  of  a 

space  object  would  be  limited  to  the  same  remedies. 

Once  it  is  ascertained,  first,  that  the  injury  sustained 

falls  within  the  scope  of  the  term  "damage"  and  resulted  from 

the. operation  of  a "space  object"  as  those  terms  are  defined 

in  Article  I,  the  convention  imposes  liability  upon  the 

"launching  State."  The  nature  of  the  liability  depends  upon 

the  location  at  which  the  damage  occurred.  Thus,  if  a space 

object  causes  damage  on  the  surface  of  the  earth  or  to  an 

aircraft  in  flight,  Article  II  provides  that  tne  "launching 

State  shall  be  absolutely  liaole  to  pay  compensation"  for  the 

damage.  In  that  case  no  proof  of  negligence  is  required  and 

the  launching  state  is  liable  even  though  it  is  able  to  demon 

strate  that  it  complied  with  all  applicable  standards  of  care 

Thus,  if  industrial  activities  in  space  result  in  injuries  or 

damage  to  property  on  the  earth's  surface  or  w:  le  travelling 
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in  an  aircraft,  the  launching  state  would  be  liable  to  pay 
crrpensation  upon  demonstration 

1.  that  the  injury  occurred;  and 

2.  that  it  resulted  from  the  operation  of  space 
industrial  facilities. *** 

The  rationale  for  absolute  liability  is,  first,  that  space 
acitivity  is  "ultrahazardous , " and  necessarily  involves  a 
risk  of  serious  harm  which  cannot  be  eliminated  by  the  exercise 
of  utmost  care,14  and  second,  that  the  ability  of  a claimant 
state  to  demonstrate  mult  on  the  part  of  a launching  is  likely 
to  be  relatively  limited. lb 

A possible  weakness  in  the  protection  granted  by  Article  II 
is  based  on  the  contention  that  it  appears  to  not  cover  damage 
in  airspace  which  does  not  affect  aircraft  in  flight.1^  This 
omission  is  partially  remedied  by  the  likelihood  that  damage 
in  the  earth's  atmosphere  will  result  in  injuries  on  the 
earth's  surface  which  would  constitute  "damage"  as  that  term 
is  used  in  the  Liability  Convention.  However,  liability  may 
be  avoided  by  establishing  that  "the  damage  has  resulted 
either  wholly  or  partially  from  gross  negligence  or  from  an 
act  of  omission  done  with  intent  to  cause  damage  on  the  part 
of  the  claimant  State  or  ~r.  natural  or  juridical  persons  it 
'•epresents ,"  as  provided  in  Article  VI  (1).  In  contrast,  if 
damage  is  suffered  in  outer  space,  the  launching  state  is 
liable  for  compensation  to  the  injured  party  under  the  terms  of 
Article  III  only  upon  a demonstration  of  fault  of  the  launching 


191 


-50- 
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state  or  of  persons  for  whom  it  is  liable.  The  rationale 
for  differing  treatment  is  based  on  the  contention  that  the 
absolute  liability  imposed  under  Article  II  would  be  inappro- 
priate for  collisions  between  space  objects,  since  the  operator 
of  the  more  costly  object  would  collect  the  difference 
between  iae  values  of  the  space  objects,  even  if  the  collision 

vp re  caused  completely  or  preponderantly  by  the  acts  of  the 

1 ft 

more  costly  space  object.  However,  as  a practical  matter, 

the  difficulty  of  demonstrating  fault  is  likely  to  mean  that 

in  the  event  of  damage  to  space  objects,  each  party  is  likely 

to  bear  its  own  loss  except  in  exceptional  cases For  both 

Articles  II  and  III,  the  measure  of  damages  is  determined 

under  Article  XII  which  provides  that  when  compensation  is 

granted  under  the  convention,  the  amount 

shall  be  determined  in  accordance  with  international 
• law  and  the  principles  of  justice  and  equity  in  order 
to  provide  such  reparation  ...  as  will  restore  the 
person,  natural  or  juridical,  State  or  international 
organization  on  whose  behalf  the  claim  is  presented 
to  the  condition  which  could  have  existed  if  the 
damage  had  not  occurred. 

Articles  IV,  V and  VI  introduce  refinements  of  the  general 
framework  established  in  Articles  II  and  III.  Under  Article  IV ( 1 ) , 
if  damage  is  caused  somewhere  other  than  on  the  surface  of  the 
earth  to  the  citizens  of  one  state  or  their  property  as  the 
result  of  the  activities  of  a second  state,  and  that  interaction 
results  in  injury  to  the  citizens  or  property  of  a third  state, 
the  first  two  are  jointly  and  severally  liable  to  the  third 
state.  If  under  Subparagraphs  (a)  and  (b) , the  damage  to  the 
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third  state  occurs  on  the  surface  of  the  earth  or  to  aircraft 
in  flight,  the  liability  is  absolute;  however,  if  damage  is 
sustained  by  the  third  state's  space  objects  to  passengers  or 
property  on  board,  liability  is  based  on  fault.  Paragraph  2 
of  Article  IV  apportions  the  liability  between  the  first  two 
states  according  to  the  extent  to  which  each  was  at  fault. 

If  no  comparative  fault  can  be  established,  the  liability 
is  divided  equally.  Nonetheless,  Article  IV ( 2 ) expressly 
preserves  the  right  of  the  third  state  to  seek  the  entire 
compensation  from  any  of  the  states  which  are  jointly  or 
severally  liable. 

Article  V defines  liability  in  cases  in  which  two  or  more 
states  jointly  launch  a space  object.  Under  paragraph  1, 
all  participating  states  are  jointly  and  severally  liable. 

After  a state  has  paid  compensation  for  damage  caused  by  a 
jointly  launched  space  object,  it  is  entitled  to  seek  compen- 
sation from  other  participants  in  the  joint  launching.  The 
extent  of  each  participant's  liability  may  be  determined  by 
agreements  among  the  participants,  but  such  agreements  do  not 
prejudice  the  right  of  the  state  whose  nationals  have  sustained 
damages  to  seek  the  full  compensation  from  any  or  all  of  the 
launching  states..  Paragraph  3 includes  among  the  participants 
the  states  from  whose  territory  or  facility  a space  object  is 
launched.  The  language  of  Article  V provides  little  guidance 
with  respect  to  the  definition  of  a joint  launching.  For 
example,  the  question  may  be  raised  whether  a state  is  a 
participant  or  a joint  launching  state  if: 
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1.  it  is  responsible  for  a relatively  minor  experiment 
package  on  board  the  space  object; 

2.  its  nationals  manufacture  or  supply  a minor  component 
part;  or 

3.  it  is  represented  at  launch  by  a technical  observer. ^0 
Finally,  Article  VI  exonerates  a launching  state  from 

absolute  liability  if  it  can  establish  that  the  damage  resulted 

either  wholly  or  partially  from  gross  negligence  or  from  an 

act  or  omission  done  with  intent  to  cause  damage  which  may 

be  ascribed  to  the  claimant  state  or  to  the  natural  or  juridical 

persons  which  it  represents.  However,  Paragraph  2 prevents 

exoneration  where  the  damage  resulted  from  activities  of  the 

launching  state  which  were  not  conducted  in  accordance  with 

the  applicable  principles  of  international  law,  especially 

the  United  Nations  Charter  and  the  Outer  Space  Treaty. 

Two  main  problems  of  construction  are  raised  by  the  terms 

of  Article  VI.  First,  the  meaning  of  "gross  negligence"  is 

left  undefined  and  is  subject  to  dispute.  Second,  the  question 

may  be  raised  whether  exoneration  from  absolute  liability  under 

Article  VI  (1)  relieves  the  launching  state  from  all  liability. 

Some  contend  that  Article  VI  (1)  should  be  construed  to  relieve 

liability  only  to  the  extent  that  the  conduct  of  the  nationals  of 

21 

the  claimant  state  caused  the  damage  in  question. 

B.  Articles  VIII  - XX 

Articles  VIII  through  XX  of  the  Liability  Convention 
establish  procedural  guidelines  for  the  presentation  and 
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prosecution  of  claims.  Article  VIII  identifies  the  states 
which  are  entitled  to  advance  claims.  Paragraph  1 authorizes 
the  state  which  has  actually  sustained  damage  or  whose  nationals 
have  suffered  personal  injury  or  property  damage  to  present  a 
claim  for  compensation.  However,  under  Paragraph  3 if  the 
state  of  nationality  has  not  presented  a claim,  the  state  in 
whose  territory  the  damage  occurred  may  demand  compensation, 
regardless  of  the  nationality  of  the  entity  actually  sustaining 
damage.  If  neither  of  the  first  two  governments  has  sponsored  or 
stated  its  intention  to  sponsor  a claim,  any  state  may  present  a 
demand  for  compensation  for  damage  actually  suffered  by  any  of 
its  permanent  residents. 

Article  VIII  has  the  effect  of  expanding  the  traditional 

rule  that  only  the  state  of  nationality  is  authorized  to 

2 2 

present  a claim  for  damages.  However,  the  number  of  authorized 
claimants  presents  three  main  problems.  First,  Article  VIII 
does  not  define  the  period  of  time  within  which  the  state  of 
nationality  or  the  state  within  whose  territory  the  damage 
occurred  must  act  to  preserve  its  right.  Second,  Article  VIII  (2) 
does  not  require  the  latter  to  ascertain  whether  the  state  of 
nationality  intends  to  present  a claim.  Finally,  the  text 
of  this  article  does  not  solve  the  question  of  authorized 
representation  if  under  Paragraphs  2 or  3 a claim  is  properly 
presented  and  the  state  of  nationality  presents  a subsequent 
claim.  This  question  is  particularly  important  to  space 
industrialists,  in  light  of  the  general  rule  that  a state 
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presenting  an  international  claim  is  not  obligated  to  pay  any 
compensation  to  the  party  actually  injured.  4 If  the  state 
of  nationality  were  permitted  to  recover  compensation  from  the 
launching  state,  the  injured  party  could  reasonably  expect 
that  political  and  economic  considerations  would  motivate  the 
state  of  nationality  to  convey  all  or  part  of  the  compensation 
to  its  injured  nationals.  However,  if  the  state  in  whose 
territory  the  injury  actually  occurred  recovers,  the  injured 
party  would  have  a diminished  prospect  of  recovery,  since  it 
would  possess  a limited  ability  to  exert  effective  political 
pressure.  This  concern  is  diminished  somewhat  by  the  terms  of 
Article  XI (2)  which  permits  the  injured  party  to  seek  redress 
in  the  courts  or  administrative  tribunals  of  the  launching  state. 

Article  IX  places  the  claims  procedure  on  a diplomatic 
basis,  subject  to  the  provision  for  judicial  or  administrative 
relief  contained  in  Article  XI (2).  Time  limits  for  the  pre- 
sentation of  claims  are  established  in  Article  X which  has 
the  effect  of  establishing  a one-year  ‘atute  of  limitation 
measured  from  the  date  of  occurrence  or  the  date  of  identifi- 
cation of  the  launching  state,  or  the  date  on  which  the 
claimant  state  could  reasonably  be  expected  to  have  discovered 
those  facts  through  the  exercise  of  due  diligence.  However, 
in  cases  in  which  the  full  extent  of  the  damage  is  not 
immediately  determinable,  the  claimant  state  is  entitled  to 
revise  the  claim  and  submit  additional  documentation  until 
one  year  after  the  full  extent  of  the  damage  is  known. 
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Article  XI  (1)  introduces  an  innovation  into  the  practice 
of  states  regarding  international  claims.  Traditional  rules 
require  the  claimant  to  exhaust  available  local  remedies  prior 
to  the  presentation  of  the  claim  through  diplomatic  channels. ^5 
However,  for  the  types  of  injuries  covered  by  the  convention, 
Article  XI  (1)  expressly  nullifies  the  traditional  rule  with 
respect  to  local  remedies  available  either  to  the  claimant 
state  or  to  the  natural  or  juridical  entities  represented  by 
the  state  under  authority  granted  by  Article  VIII. 

As  noted  above,  as  an  alternative  to  diplomatic  claims 
procedures,  Article  XI (2)  preserves  the  right  of  a state  or 
the  natural  or  juridical  persons  it  represents  to  pursue 
administrative  or  judicial  remedies  available  under  the  law 
of  the  launching  state.  Thus,  Paragraph  2 enables  the  injured 
party  to  proceed  directly  against  the  party  directly  responsible 
for  the  injury,  potentially  including  parts  manufacturers  and 
system  operators.  Depending  on  the  law  of  the  launching  state, 
relief  may  also  be  available  against  the  government  of  the 
launching  state.  However,  recovery  under  this  direct  approach 
is  likely  to  be  limited,  first,  to  the  damage  actually  caused 
by  government  officers  and  employees,  and  second,  by  the 
problems  inherent  in  judicial  and  administrative  actions 
between  sovereign  and  non-sovereign  parties.  • 

A second  problem  posed  by  Article  XI  (2)  is  that  as  a 
practical  matter  the  decision  to  pursue  a remedy  under  Paragraph  2 
is  likely  to  amount  to  waiver  of  a claim  through  diplomatic 
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channels,  since  the  second  sentence  of  Paragraph  2 denies  a 
claimant  state  the  right  to  present  through  diplomatic  channels 
a demand  for  compensation  which  relates  to  the  same  damage 
or  injury  which  serves  as  the  basis  for  judicial  or  administra- 
tive action  under  the  law  of  the  launching  state.  That 
provision  raises  two  questions.  The  prohibition  on  simultaneous 
pursuit  of  parallel  remedies  combined  with  the  consideration 
that  the  time  normally  required  to  litigate  a substantial  claim 
is  likely  to  exceed  one  year  would  probably  prevent  presentation 
of  a subsequent  claim  through  diplomatic  channels.  Hence,  if 
the  statute  of  limitations  for  judicial  or  administrative 
actions  exceeds  one  year,  the  injured  party  should  consider 
delaying  initiation  of  such  actions  pending  determination  of 
diplomatic  claims.  The  latter  possibility  raises  the  questions, 
first,  whether  the  judicial  or  administrative  claim  would  be 
barred  by  res  judicata  or  related  principles,  and  second, 
whether  the  time  limit  for  presentation  of  a claim  established 
in  Article  X applies  to  judicial  and  administrative  actions 
as  well  as  to  diplomatic  claims.  Although  the  language  of 
Article  X does  not  directly  answer  the  latter  question,  the 
choice  of  words  and  Article  X's  relationship  to  Articles  VIII 
and  IX  suggests  that  its  impact  is  limited  to  diplimatic 
claims. 

The  measure  of  compensation  to  be  paid  to  the  claimant 
state  is  to  be  determined  under  Article  XII 


198 


ORIGIN  ALMBBS 
OP  POOR  QUALITY 


-57- 


in  accordance  with  international  law  and  the  principles 
of  justice  and  equity  in  order  to  provide  such 
reparation  ...  as  will  restore  the  person,  natural 
or  juridical,  State  or  international  organization 
on  whose  behalf  the  claim  is  presented  to  the  condition 
which  could  have  existed  if  the  damage  had  not 
occurred. 

From  the  perspective  of  space  industrialists,  the  standard 
is  unsatisfactory,  due  to  its  vagueness.  Particularly  problematic 
is  the  question  of  availability  of  interest  from  the  time  the 
damage  occurred,  lost  profits  and  the  costs  of  pursuing  the 
claim.  Article  XII  is  supplemented  by  Article  XIII  which 
requires  the  launching  state  to  pay  any  compensation  due  in 
the  currency  of  the  claimant  state,  unless  the  latter  requests 
payment  in  the  currency  of  the  launching  state,  or  unless  the 
two  states  agree  on  some  other  form  of  compensation. 

Articles  XIV-XX  provide  for  the  establishment  of  a claims 
commission  to  settle  claims  which  are  presented  but  are  not 
resolved  through  diplomatic  procedures.  In  general  these 
procedures  do  not  directly  affect  the  interests  of  entities 
contemplating  industrialization  of  outer  space.  Nonetheless, 
three  provisions  should  be  noted.  First,  Article  XIV  requires 
the  claimant  and  launching  states  to  form  a claims  commission 
if  a claim  presented  through  diplomatic  channels  in  accordance 
with  the  provisions  of  Article  IX  is  not  resolved  within  one 
year  from  the  date  the  claim  is  presented.  Second,  the  claims 
commission  is  authorized  under  Article  XVIII  to  determine  the 
merits  of  the  claimant  to  fix  the  amount  of  compensation,  if 
any,  to  be  paid.  Finally,  Article  XIX(2)  provides: 
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The  decision  of  the  Commission  shall  be  final 
and  binding  if  the  parties  have  so  agreed:  otherwise 

the  Commission  shall  render  a final  and  recommendatory 
award,  which  the  parties  shall  consider  in  good 
faith.  The  Commission  shall  state  the  reasons  fer 
its  decision  or  award. 

The  fact  that  decisions  of  th*>  commission  are  binding  only 
if  the  states  forming  the  commission  so  agree  further  weakens 
the  protections  offered  by  the  convention  to  potential  space 
entrepreneurs . 
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III.  INTERNATIONAL  TELECOMMUNICATION  CONVENTION  AND  ITU 
RADIO  REGULATIONS 


The  third  major  international  instrument  which  is  likely 

to  influence  industrial  development  in  outer  space  is  the 

International  Telecommunication  Convention^-  and  the  Radio 

Regulations  promulgated  by  the  International  Telecommunication 

Union  (ITU)  under  authority  granted  in  the  convention.  The 

principles  embodied  in  the  Convention  and  the  Radio  Regulations 

are  likely  to  be  most  important  for  space  industrial  installa- 

2 

tions  which  require  utilization  of  the  geostationary  orbit. 

As  suggested  above, ^ Articles  I,  II  and  IX  of  the  Outer 
Space  Treaty  establish  general  principles  governing  the  utiliza- 
tion of  the  geostationary  orbit  for  all  purposes,  including 
space  industrialization.  However,  to  date,  international  debate 
regarding  the  practical  application  of  those  provisions  to  the 
task  of  managing  the  geostationary  orbit  has  occurred  primarily 
at  the  World  Administrative  Radio  Conferences  convened  by  the 
International  Telecommunication  Union  for  the  purpose  of 
regulating  global  telecommunications  activity  and  accommodating 
conflicting  uses  of  the  electromagnetic  spectrum.  During  the 
past  fifteen  years  the  ITU  iias  also  developed  an  interest  in 
the  management  of  the  geostationary  orbit. 

That  interest  is  based  both  on  the  special  characteristics 
of  the  orbit  which  make  it  particularly  valuable  for  communica- 
tions satellite  applications  and  on  the  character  of  the  geo- 
stationary orbit  as  a limited  natural  resource.  Some  experts 


201 


-60- 


argue  that  if  mutual  interference  is  to  be  avoided,  the  number 
of  satellites  in  geostationary  orbit  must  be  limited  to  180. 4 
Others  contend  that  the  spacing  of  satellites  could  be  diminish  ■ 
leaving  only  the  necessary  safety  margin  to  ensure  avoidance 
of  collision,  with  the  result  that  the  capacity  of  the  orbit 
could  be  increased  to  nearly  1800  satellites.  ^ However,  in 
order  to  ensure  avoidance  of  mutual  interference  under  the 
present  state  of  communications  satellite  technology,  the 
spacing  must  be  increased  beyond  the  minimum  necessary  to  prevent 
collision.  Thus,  although  the  maximum  capacity  is  dependent  on 
a number  of  technical  variables,  including  frequency  staggering, 
signal  polarization,  signal  format,  location  of  earth  stations, 
and  transmission  power,  and  hence  cannot  be  precisely  calculated, 
the  geostationary  orbit  must  be  considered  a limited  resource. ^ 

The  1959  ITU  Radio  Regulations  which  govern  the  use  of 
the  electromagnetic  spectrum  have  been  periodically  revised  to 
respond  to  developments  in  satellite  communications.  In  1963 
the  ITU  convened  the  Extraordinary  Administrative  Radio  Confer- 
ence in  Geneva  to  allocate  trequencies  for  use  by  satellites. 
Although  the  Radio  Regulations  were  partially  rev’ted,7  the 
conference  did  not  alter  the  historical  practice  of  permitting 
individual  states  to  assign  transmission  frequencies  unilater- 

Q 

ally.  Thus,  the  traditional  "first  come,  first  served" 
approach  was  extended  into  the  realm  of  satellite  communication 
where  it  applies  both  to  the  allocation  frequencies  and  to 
occupation  of  orbital  "parking  slots"  by  communications 
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9 

satellites.  Since  that  approach  gives  an  ob.  jus  advantage 

to  those  technologically  advanced  states  which  are  presently 

capable  of  establishing  geostationary  satellite  systems,  less 

developed  states  began  to  exert  pressure  to  preserve  future 

interests  in  use  of  the  orbit  against  saturation  by  more  developed 
10 

countries. 

During  the  following  eight  years,  utilization  of  the  orbit 
grew  dramatically,  causing  increased  concern  among  non- space 
powers.  Against  this  background,  the  ITU  convened  the  1971 
World  Administrative  Radio  Conference  for  Space  Telecommuni- 
cations (WARC-ST)  in  Geneva.  In  opposition  to  proposals  that 
the  ITU  should  allocate  not  only  frequencies  but  orbital  slots 
as  well,  the  United  States  argued  that  regulation  of  the  orbit 
would  inhibit  its  development  as  a natural  resource. **  The 
strength  of  the  opposition  and  other  complications  resulted  in 
the  general  preservation  of  the  status  quo. ^ Nonetheless, 
some  progress  was  made  toward  the  accommodation  of  the  conflicting 
interests  of  slates  at  various  stages  of  economic  and  tech- 
nological development.  Article  9A  of  the  Radio  Regulations 

was  revised  to  establish  a mechanism  for  coordinating  use  of 
, . . ■ 13 

the  geostationary  orbit.  Section  I requires  a government 

which  intends  to  establish  a satellite  system  to  convey  to 

the  International  frequency  Registration  Board  (IPRB),  the 

entity  responsible  for  management  of  the  international  use  of 

14 

the  electromagnetic  spectrum,  within  five  years  prior  to 
commencement  of  service,  information  defined  in  Appendix  IB 
of  the  Radio  Regulations  relating  to  the  characteristics  of 
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thc  system's  satellites  and  earth  stations,  including  orbital 
information.  In  particular  with  respect  to  geostationary 
satellites,  Section  II  rcqjires  any  government  considering  the 
use  of  the  orbit  to  coordinate  the  planned  use  --  prior  to  notifi- 
cation of  the  I IRB  under  Section  I on  commencement  of  service  -- 
with  any  other  government  which  has  registered  an  assignment 
in  the  same  band  with  the  IPRR  or  which  is  engaged  in  or  lias 
completed  coordination  procedures  under  this  section.  To 
facilitate  coordination  the  former  is  to  supply  the  information 
defined  in  Appendix  1A  of  the  Regulations.  The  purpose  of 
this  coordination  procedure  is  to  promote  resolution  of  potential 
conflicts  prior  to  commencement  of  system  const . _ct ion . 

Another  clement  of  the  effort  of  delegates  to  the  WARC-ST 
conference  to  resolve  conflicts  regarding  management  of  the 
orbit  is  embodied  in  Resolution  Spa  2-1,  which  reflected  the 
concern  of  non- space  powers  regarding  the  management  of  the 
orbit.  In  part  the  resolution  provides: 

The  World  Administrative  Radio  Conference  for 
Space  Telecommunications  (Geneva,  1971), 

conn  id  a v i ng 

that  all  countries  have  equal  rights  in  the  use 
of  botli  the  radio  frequencies  allocated  to  various 
space  radiocommunication  services  and  the  geostationary 
satellite  orbit  for  these  services; 

taking  into  account 

that  the  radio  frequency  spectrum  and  the  geo- 
stationary satellite  orbit  are  limited  natural  resources 
and  should  be  most  effectively  and  economically  used; 

ha  vine  in  mind 

that  the  use  of  the  allocated  frequency  bands 
and  fixed  positions  in  the  geostationary  satellite 
orbit  by  individual  countries  or  groups  of  countries 
can  start  at  various  dates  depending  on  requirements 
and  readiness  of  technical  facilities  of  countries; 
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resolves 

1.  that  the  registration  with  the  ITU  of  frequency 
assignments  for  space  radiocommunication  services  and 
their  use  should  not  provide  any  permanent  priority 
for  any  individual  country  or  groups  of  countries 
should  not  create  an  obstacle  to  the  establishment  of 
space  systems  by  other  countries  .... 

The  linkage  between  the  revised  version  of  Article  9A  and 

Resolution  Spa  2-1  is  embodied  in  Resolution  Spa  2*2  which 

reiterated  the  importance  of  achieving  the  best  possible  use 

of  the  geostationary  orbit  and  the  frequency  bands  assigned  to 

the  broadcasting  satellite  service,  and  which  called  upon 

participating  governments  to  establish  and  operate  satellite 

h;  adcasting  systems  in  accordance  with  plans  established  by 

general  and  regional  conferences  in  which  affected  states  are 

entitled  to  participate.15  Although  not  binding  on  the  parties 

to  the  International  Telecommunication  Convention,1^  the 

resolutions  expressed  a broadening  consensus  among  participating 

delegations  and  emphasized  the  fact  that  the  Radio  Regulation 

does  not  provide  permanent  protection  to  spectrum  and  orbital 

17 

assignments  for  space  broadcasting  services.  However,  the 
resolutions  did  not  allay  the  concern  of  non-space  powers  that 
present  spacj  activities  will  saturate  the  most  desirable 
segments  of  the  orbital  arc. 

The  third  phase  of  the  ITU's  consideration  of  the  problem 
of  allocating  the  geostationary  orbit  among  potentially  con- 
flicting uses  occurred  at  the  Plenipotentiary  Conference  of  the 
ITU  which  was  held  in  September  and  October  1973  in  Torremolinos . 
The  basic  purpose  of  the  conference  was  to  evaluate  and,  if 
necessary,  revise  the  ITU's  fundamental  structure  and  functions. 
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In  addition,  the  question  o*  orbital  slot  allocation  was  included 
18 

in  the  agenda.  In  that  context  the  Israeli  delegation  proposed 

to  modify  the  International  Telecommunication  Convention  to 

authorize  ITU  allocation  of  both  the  frequency  spectrum  and 

geostationary  orbital  slots  as  a means  of  ensuring  equitable 

19 

access  by  all  parties.  Although  the  Israeli  proposal 

did  not  receive  the  support  required  for  adoption,  the 

Plenipotentiary  Conference  amended  the  listing  of  the  duties 

to  be  performed  by  the  IFRB  contained  in  Article  10  of  the 

Convention  to  add  relatively  undefined  responsibilities  relating 

to  the  geostationary  orbit.  In  revised  form  Article  10(3)  provides 

The  essential  duties  of  the  International 
Frequency  Registration  Board  shall  be: 

a)  to  effect  an  orderly  recording  of  frequency 
assignments  made  by  the  different  countries  so  as  to 
establish,  in  accordance  with  the  procedure  provided 
for  in  the  Radio  Regulations  and  in  accordance  with 

,any  decision  which  may  be  taken  by  competent  conferences 
of  the  Union,  the  date,  purpose  and  technical  charac- 
teristics of  each  of  these  assignments,  with  a view 
to  ensuring  formal  international  recognition  thereof. 

a a ) to  effect,  in  the  same  conditions  and 
for  the  same  purpose,  an  orderly  recording  of  the 
positions  assigned  Fy  countries  to  geostationary 
satellites; 

b)  to  furnish  advice  to  Members  with  a view  to 
the  operation  of  the  maximum  practicable  number  of 
radio  channels  in  those  portions  of  the  spectrum  where 
harmful  interference  may  occur,  and  with  a view  to  the 
equitable,  effective  and  economical  use  of  the  geo- 
stationary satellite  orbit; 

c)  to  perform  any  additional  duties,  concerned 
with  the  assignment  and  utilization  of  frequencies  and 
with  the  utilization  of  the  geostationary  satellite 
orbit , in  accordance  with  the  procedures  p.jvided  for 
in  the  Radio  Regulations,  and  as  prescribed  by  a 
competent  conference  of  the  Union,  or  by  the  Adminis- 
trative Council  with  the  consent  of  a majority  of  the 
Members  of  the  Union,  ’n  preparation  for  or  in 
pursuance  of  the  decisions  of  such  a conference  .... 
(emphasis  added) 
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In  essence , the  II*RB  was  instructed  to  record  use  of  orbital 

slots  on  the  same  basis  as  frequencies  for  space  services. 

Although  the  revised  version  of  Article  10  authorized 

recording  of  orbital  use,  the  basic  "first  come,  first  served" 

approach  was  not  altered.  However,  in  order  to  preserve  the 

interests  of  non-space  powers,  the  Plenipotentiary  Conference 

also  revised  Article  33  to  provide: 

Rational  Use  of  the  Radio  frequency  Spectrum  and  of 
the  Geostationary  Satellite  Orbit 

In  using  frequency  bands  for  radio  space  services 
Members  shall  bear  in  mind  that  radio  frequencies  and 
the  geostationary  satellite  orbit  are  limited  natural 
resources,  that  they  must  be  used  efficiently  and 
economically  so  that  countries  or  groups  of  countries 
may  have  equitable  access  to  both  in  conformity  with 
the  provisions  of  the  Radio  Regulations  according  to 
their  needs  and  the  technical  facilities  at  their 
disposal . 20 

Read  in  combination,  the  revised  version  of  Articles  10 
and  33,  which  became  effective  January  1,  1975,  lead  to  a series 
of  conclusions  regarding  the  status  of  management  of  the 
geostationary  orbit: 

1.  Countries  are  entitled  to  utilize  the  geostationary 
orbit  and  to  record  such  use  with  the  TFRB: 

2.  At  least  during  the  period  of  active  use  of  an  orbital 
slot,  the  system  operator  is  protected  against  harmful 
interference  from  subsequently  established  systems 

by  the  coordination  requirements  of  Article  9A; 

3.  The  system  operator  is  not  entitled  to  permanent 
utilization  of  any  particular  orbital  slot;  and 
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4.  Governments  operating  geostationary  satellites  arc 
required  to  conduct  their  operations  in  such  a way 
as  to  permit  equitable  areas  to  orbital  slots  by 
other  governments  subsequently  establishing  communica- 
tions systems  based  on  the  use  of  geostationary 
s a tell  ites. 

At  the  1977  World  Administrative  Radio  Conference  for 

the  planning  of  the  broadcasting- satellite  service  in  the 

12  GHz  band  (WARC-BS),  principles  to  govern  the  management 

of  the  geostationary  orbit  were  discussed.  During 
21 

the  debates,  Columbia  and  other  equatorial 

states  raised  the  question  of  national  sovereignty 

over  the  geostationary  orbit.  At  the  1975  session  of  the 

First  Committee  of  the  General  Assembly,  Colombia  had  asserted 

that  the  geostationary  orbit  is  a natural  resource  over  which 

equatorial  states  are  entitled  to  exercise  sovereign  rights  in 

relation  to  the  segments  of  the  arc  located  over  their  respective 
22 

territories.  Similar  contentions  had  been  incorporated  in  the 

23 

Bogota  Declaration  of  December  3,  1976.  The  states  which 
supported  that  document  raised  the  question  at  WARC-BS  and 
stated  their  opposition  to  allocation  of  orbital  slots  in  an 
effort  to  promote  international  recognition  of  national  jurisdic- 
tional control.  Recognition  of  that  approach  would  permit  the 
equatorial  states  to  control  access  to  the  orbit,  most  likely 
on  a licensing  basis.  However,  conflicts  with  the  "free  use" 
principle  of  Article  1(2)  and  the  Article  II  prohibition  against 
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appropriation  as  well  as  the  low  level  of  support  from  non- 
equatcrial  states  suggest  that  the  establishment  of  an  interna- 
tional consensus  on  this  approach  is  unlikely. 

The  remaining  delegations  divided  their  support  between 
dev.lopment  of  an  a priori  plan  and  evolutionary  planning  for 
orbital  slot  and  frequency  allocation.  Under  the  first  approach, 
a comprehensive  plan  covering  all  aspects  of  the  allocation 
ques  ion  would  be  developed  in  an  attempt  to  accommodate  to  the 

maxiium  possible  extent  the  whole  set  of  needs  foreseen  by  the 

24 

period  covered  by  the  plan.  In  contrast,  under  evolutionary 
plani  ing,  system  design  and  deployment  would  be  undertaken  within 
limits  imposed  by  a series  of  general  sharing  principles  and 
wculd  be  based  as  prior  consultations  with  other  governments 
whose  existing  systems  could  be  affected  by  the  establishment  of 
ne  i systems.  Under  that  approach,  no  advance  assignments  of 
orbital  slots  frequencies  and  signal  polarizations  are  made, 
permitting  actual  use  to  benefit  from  advancing  technology . ^ 

The  a priori  approach  enjoyed  substantial  support  from 
a significant  number  of  non-equatorial  states  in  Regions  I and  III. 
The  United  States  led  another  bloc  of  states  including  Canada 

S 

and  Brazil  . hich  opposed  a priori  planning  supporting  instead 

various  forms  of  evolutionary  allocation  for  Region  II.  When 

the  ''ARC-BS  ended,  no  a priori  plan  was  approved  for  Region  II, 

but  a conference  of  Region  II  countries,  including  North  and 

South  America  and  the  Caribbean  states,  was  scheduled  for  1982, 

26 

at  which  a "detailed  plan"  is  to  be  considered.  Thus,  the 
conference  did  not  significantly  alter  the  existing  regime  with 
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respect  to  use  of  the  geostationary  orbit  by  the  United  States, 
Canada  and  Latin  America.  However,  technological  advances  are 
likely  to  result  in  increased  pressure  to  preserve  rights  of 
access  for  states  which  do  not  yet  possess  the  capability  to 
operate  satellite  systems. 

In  June  and  July  1976,  the  Administrative  Council  of  the 

ITU  met  in  Geneva  to  determine,  among  other  things,  the  agenda 

for  the  1979  World  Administrative  Radio  Conference.  In  its 
27 

present  form,  the  agenda  calls  for  the  review  and,  If  necessary, 

revision  of  Articles  9 and  9A  relating  to  the  coordination, 

2 8 

notification  and  recording  of  frequency  assignments.  As  noted 

above,  Article  9A  establishes  procedures  for  coordinating  use 

29 

of  the  geostationary  orbit. 

In  the  context  of  discussions  of  Article  9A,  the  issue  of 
allocating  orbital  slots  is  likely  to  be  raised.  Participating 
delegations  are  expected  to  align  themselves  along  the  lines 
drawn  at  the  WARC-BS.  Equatorial  states  will  continue  to  press 
their  claims  that  the  geostationary  orbit  is  a natural  resource 
subject  to  the  sovereign  control  of  individual  countries  which 
lie  along  the  equator.  The  non-equatorial  developing  countries 
and  those  which  are  considered  developed  but  which  do  not  yet 
possess  the  capability  to  ooerate  sophisticated  satellite  systems 
can  be  expected  to  press  for  adoption  of  a comprehensive 
frequency  and  orbital  slot  allocation  plan  which  would  ensure 
future  access  to  segments  of  the  geostationary  orbit  suitable 
for  national  or  regional  use.  The  United  States  and  other 
space  powers  are  likely  to  continue  their  support  of  evolutionary 

210 

ORIGINAL  PAGE  B 
OF  POOR  QUALITY! 


-69- 


planning  in  order  both  to  ensure  maximum  use  of  the  orbit  and 
to  incorporate  technological  advances  into  the  allocation  scheme 
as  rapidly  as  they  occur. 

The  debate  will  be  given  a sense  of  urgency  by  intervening 
communications  satellite  experimentation  and  the  evolution  of 
planning  for  operational  domestic,  regional  and  global  satellite 
networks.  Canadian  and  American  experimentation  using  the  ATS-6 
and  CTS  systems  will  focus  on  applications  of  geostationary, 
high-power  broadband  satellites  transmissions  in  conjunction 
with  small  terrestrial  receiving  terminals.30  In  addition, 
experimental  activities  by  the  European  Space  Agency  (ESA) 
and  the  Japanese  National  Space  Development  Agency  (NSDA) 

31 

are  expected  to  demonstrate  the  utility  of  new  applications. 

These  experimental  activities  will  provide  the  basis  for 

expanded  operational  use  of  geostationary  communications  satellites. 

Significant  expansion  of  the  Intelsat  network  and  deployment 

32 

of  new  Intelsat  V satellites  are  projected.  On  the  regional 

level,  the  Arab  League’s  Telecommunications  Union  is  considering 

establishing  a system  based  on  geostationary  satellites  for  the 

provision  of  broadcast  and  telephone  services  to  each  member 
33 

country.  Expanded  domestic  systems  are  either  under  devel- 
opment or  in  the  planning  phase  in  the  United  States,  Canada, 
Indonesia,  Iran  and  Japan.  In  addition,  a number  of  countries, 
including  Algeria,  Zaire,  Brazil,  Nigeria  and  Norway  have  leased 
or  are  considering  leasing  transponders  from  Intelsat  for 
dedicated  use  in  domestic  systems.34 
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Increases  in  existing  and  planned  use  of  the  geostationary 
orbit  for  communications  and  other  purposes  will  provide  impetus 
for  the  1979  WARC  debate  regarding  allocation  of  the  geostationary 
orbit.  Because  of  the  key  role  played  in  the  existing  law  of 
outer  space  by  the  "free  use"  principle  of  Article  1(2)  and  the 
non-appropriation  principle  of  Article  II,  and  in  light  of  the 
potential  economic  and  social  value  of  the  proposed  satellite 
applications  based  on  the  use  of  the  geostationary  orbit,  the 
claims  of  equatorial  states  to  sovereign  control  over  large 
segmencs  of  the  orbit  are  unlikely  to  receive  broad  international 
recognition.  Thus,  the  main  struggle  is  likely  to  take  place 
between  comprehensive  advance  allocation  of  frequency  and 
orbital  slots  and  allocation  according  to  actual  use,  taking 
into  account  existing  systems  and  advancing  technology. 

Current  positions  and  trends  of  discussion  indicate  that 
although  substantial  discussion  of  the  problem  will  occur  at 
the  1979  WARC,  no  definitive  solution  will  be  reached,  because 
of  the  strength  of  the  competing  interests  involved.  Proposals 
for  both  a priori  and  evolutionary  planning  are  likely  to  be 
referred  for  consideration  to  regional  conferences.  After 
consideration  there,  the  resulting  recommendations  will  probably 
be  re-examined  at  a general  WARC  in  the  mid-1980s.  Debates 
at  the  1979  WARC  and  subsequent  conferences  are  likely  to  reveal 
a trend  toward  the  assignment  within  each  region  of  orbital 
segments  dedicated  to  individual  communications  services. 

Within  each  segment,  each  country  would  be  assured  equitable 
ccess  to  orbital  slots,  but  no  specific  frequency  or  orbital 
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slot  allocations  would  be  made  in  advance  of  actual  use.  Despite 
a trend  toward  that  approach,  complicating  factors  including 
non-communications  applications  such  as  satellite  power  generation 
are  likely  to  delay  establishment  of  an  effective  compromise 
among  competing  interests. 

Thus,  the  impact  of  the  1979  WARC  on  the  development  and 
establishment  of  satellite  power  systems  is  likely  to  center 
on  identification,  first,  of  the  problems  of  coordinating 
potential  uses  of  the  geostationary  orbit  to  avoid  mutual 
harmful  interference,  and  second,  of  the  competing  interests 
of  equatorial,  developing  and  developed  countries  in  the  use 
of  the  orbit.  In  particular,  since  satellite  power  systems 
are  not  likely  to  be  operational  prior  to  1995  and  therefore 
are  dependent  on  long-term  orbital  management  activities, 
thp  progress  projected  for  the  1979  WARC  is  likely  to  emphasize 
the  importance  of  preliminary  planning  and  evaluation  of  future 
orbital  requirements  for  satellite  power  systems  in  order  to 
ensure  that  future  conferences  take  into  account  both  the  need 
to  establish  such  systems  and,  if  established,  their  projected 
orbital  requirements. 
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PART  III 

The  treaties  and  conventions  discussed  in  Part  III 
provide  the  general  legal  framework  within  which  the  industriali- 
zation of  outer  space  is  likely  to  evolve.  As  technological 
advances  make  establishment  of  experimental  and  operational 
systems  imminent,  various  members  of  the  international  community  will 
initiate  efforts  to  elaborate  the  general  instruments  discussed 
above  by  establishing  more  specific  guidelines  to  govern 
particular  activities.  Thus,  for  example,  planning  and  experi- 
mentation relating  to  direct  broadcast  and  earth  resources 
satellites  have  promoted  extensive  consideration  of  relevant 
technical,  organizational  and  legal  guidelines  by  the  United 
Nations  Committee  on  the  Peaceful  Uses  of  Outer  Space  (CPUOS) 
and  , its  subcommittees.  To  the  extent  that  the  concept  of  space 
industrialization  encompasses  the  direct  television  broadcasting 
via  satellite,  remote  sensing  and  closely  related  activities, 
the  CPUOS  debates  provide  a basis  for  predictions  regarding 
the  structure  of  international  space  law  at  the  time  such 
systems  become  fully  operational.  The  CPUOS  debates  also 
indicate  trends  which  are  likely  to  influence  future  negotiations 
relating  to  uses  of  outer  space  which  are  not  yet  under 
consideration  in  CPUOS,  including  satellite  power  systems  and 
space  manufacturing. 

In  addition  to  trends  indicated  by  CPUOS  activities, 
other  evidence  regarding  the  future  of  international  space  law 
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can  be  derived  from  developments  in  other  areas  of  international 
law.  One  example  is  the  analogy  which  can  be  drawn  to  the 
positions  taken  by  various  delegations  on  legal  and  institutional 
issues  at  the  present  series  of  United  Nations  Conferences  on 
the  Law  of  the  Sea  as  reflected  in  the  negotiating  texts. 

Another  example  is  the  evolving  concept  of  "the  common  heritage 
of  mankind"  which  has  received  some  measure  of  support  in 
negotiations  relating  to  the  management  of  both  the  seas  and 
outer  space.  Further  guidance  on  questions  relating  to 
potential  organizational  configurations  for  entities  engaged 
in  space  industrialization  can  be  derived  from  current  trends 
as  evidenced  by  the  practice  of  Intelsat,  Inmarsat  and  Aerosat. 

The  purpose  of  Part  III  is  to  examine  the  most  important 
of  these  trends: 

1.  direct  broadcast  satellites; 

2.  earth  resources  satellites;  and 

3.  the  draft  moon  treatv. 
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I.  IMPLICATIONS  OF  THE  CPTJOS  DEBATES  ON  DIRECT  SATELLITE 

BROOTCASTIWC  W'SPAC'M  'INDUSTRIAL!  2OTM 

NASA  research  and  development  activities  utilizing  the 
ATS  and  CTS  systems  have  demonstrated  the  technical  feasibility 
of  direct  broadcast  satellites  capable  of  transmitting  program 
carrying  signals  directly  to  small-scale  ground  receivers, 
bypassing  the  complex  terrestrial  redistribution  networks 
presently  employed  by  existing  systems.1 

Direct  broadcasting  from  satellites  promises  a number  of 
benefits,  including  more  efficient  and  extensive  program 
dissemination  on  a national  level  both  for  educational  and 
entertainment  purposes  and  for  increased  interchange  of  ideas 
and  information  between  cultures.  Perhaps  the  most  important 
of  these  is  the  potential  for  improving  the  quality  of  education. 
In  all  of  the  developing  countries,  and  even  in  some  of  those 
consideied  developed,  a shortage  of  well-qualified  teachers 
has  hindered  national  development,  setting  in  motion  a search 
for  means  to  overcome  the  shortage.  Educational  television 
has  been  used  successfully  in  many  parts  of  the  world  to 
distribute  over  a wide  area  resources  previously  available 
only  in  isolated  special  teaching  facilities.  In  a large 
number  of  countries,  however,  the  absence  of  a well-developed, 
in-place  terrestrial  distribution  system  for  educational 
programming,  compounded  by  the  difficulty  of  installation 
due  to  high  costs,  difficult  terrain  or  a widely  dispersed 
population,  has  prevented  full  realization  of  television's 


216 


-75- 


educational  potential.  Direct  satellite  broadcasting  technology 
is  capable  of  overcoming  these  barriers,  provided  that  certain 
economic  and  technical  obstacles  are  overcome. 

Along  with  its  promise  of  increased  interchange  among 
peoples,  direct  broadcasting  has  also  created  concern  among 
potential  "receiving  states"  that  the  new  technology  will  be 
exploited  for  purposes  of  propaganda  or  for  cultural  or  economic 
imperialism.  As  early  as  1963  that  concern  generated  demands 
that  a restrictive  international  legal  regime  be  imposed  on 
the  use  of  direct  broadcasting  to  prevent  potential  misuses. 

The  significant  initiatives  in  that  regard  have  centered  in 
the  United  Nations,  taking  place  in  a variety  of  agencies, 
including  CPUOS,  the  ITU  and  UNESCO. 

A.  Main  Positions 

During  the  United  Nations  debate,  three  main  positions 
have  emerged.  After  a short  initial  period  at  the  opposite 
pole,  the  Soviet  Union  has  led  Argentina,  Brazil,  Egypt,  France 
and  the  Eastern  European  bloc  in  expressing  concern  over 
the  potential  for  satellite  transmission  of  politically 
subversive  or  culturally  disruptive  broadcasts  across  national 
boundaries  without  the  prior  consent  of  the  receiving  state. 

A number  of  less  developed  states  have  echoed  the  Soviet  concern 
over  propaganda.  Morocco,  Iran,  Sierra  Leone,  and  India, 
among  other  Third  World  states,  have  been  especially  concerned 
about  cultural  imperialism  and  the  possibility  that  commercial 
advertising  by  the  industrial  powers  would  disrupt  tne  social 
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fabric  of  developing  nations.  Some  Third  World  nations  have 

suggested  that  any  television  program  displaying  consumer- 

oriented  societies  in  a favorable  light  would  create  a demand 

for  consumer  goods  among  their  own  citizens  which  could  delay 

or  perhaps  even  thwart  national  plans  for  social  and  economic 
2 

development.  The  key  elements  upon  which  these  states  would 
ultimately  base  an  international  institutional  response  are 
the  principles  of  national  sovereignty  and  the  need  to  protect 
established  cultures  against  intrusion  from  abrcad. 

Opposition  to  the  restrictive  'v:;ulatory  ap  roach  taken 
by  the  Soviet  Union  has  been  led  by  the  United  States,  which 
has  argued,  first,  that  any  regulation  was  premature,  since 
no  one  could  determine  with  any  degree  of  certainty  either  the 
configuration  of  future  direct  broadcast  systems  or  the  nature 
of  the  political,  economic  and  legal  problems  likely  to  arise 
when  such  systems  finally  become  operational,  and  second,  that 
an  excessively  restrictive  policy  could  stifle  the  initiatives 
necessary  to  develop  and  implement  direct  broadcast  technology. 
The  third  tenet  of  the  United  States'  position  has  been  the 
contention  that  a regime  of  prior  consent  and  program  control 
would  violate  both  the  First  Amendment  and  the  principle  of  the 
free  flow  of  information  contained  in  the  Declaration  of  Human 
Rights,  and  would,  therefore,  be  unacceptable  as  a matter  of 
constitutional  policy. 

Sweden  and  Canada  have  taken  an  intermediate  position, 
recognizing  the  need  to  incorporate  both  the  free  flow  of 
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information  and  the  protection  of  national  sovereignty  and 
cultural  diversity  into  any  viable  regulatory  scheme.  To 
achieve  that  goal,  the  two  states  have  advocated  a regime  based 
on  international  cooperation  expressed  in  a prior  agreement 
between  the  broadcasting  and  receiving  states.  Under  the 
Swedish-Canadian  proposal,  program  content  would  be  determined 
by  the  bilateral  prior  consent  agreement  rather  than  by  a 
global  agreement  as  proposed  by  the  Soviets. 

The  current  series  of  CPUOS  negotiations  began  in  1969 
when  the  Working  Group  on  Direct  Broadcast  Satellites  was 
convened  in  New  York  pursuant  to  General  Assembly  Resolution 
2453  B (XXIII). ^ After  the  Working  Group  held  five  sessions, 
the  main  debate  regarding  appropriate  governing  principles 
shifted  to  the  Legal  Sub-Committee  in  1974,  where  some  progress 
has  been  made  toward  the  establishment  of  an  international 
consensus.  The  basic  foundations  of  the  debate  were  embodied 
in  proposals  submitted  by  the  Soviet  Union,  the  United  States 
and  jointly  by  Sweden  and  Canada. 

1 . The  1_97_2  Sovijrt  Draft  Convejrtion 

Concerned  about  the  American  progress  with  communications 
satellite  technology,  the  Soviet  Union  unexpectedly  introduced 
its  restrictive  Draft  Convention  on  Principles  Governing  the 
Use  by  States  of  Artificial  Earth  Satellites  for  Direct  Televi 

4 

sion  Broadcasting  to  the  General  Assembly  on  8 August  1972. 

In  a letter  addressed  to  the  Secretary-General,  Soviet  Foreign 
Minister  Andrei  Gromyko  requested  that  the  twenty-seventh 
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session  of  the  General  Assembly  examine  the  feasibility  of 
an  international  agreement  for  satellite  broadcast  regulation 
and  that  the  Soviet  proposal  be  included  on  the  agenda.^ 

The  Soviet  Union  intended  its  draft  to  provide  the  foundation 
for  a universally  binding  treaty  approved  by  the  CPUOS  Legal 
Sub -Committee. 

As  submitted,  the  Soviet  draft  contained  nearly  all  of 
the  restrictive  principles  proposed  during  the  previous 
meetings  of  the  Working  Group,  including  a strict  provision 
permitting  direct  satellite  broadcasting  to  foreign  states 
"only  with  the  express  consent  of  the  latter."**  Article  IV 
provided  that  any  party  to  the  proposed  convention  would 
undertake  to  exclude  from  programming  transmitted  via  satellite 
"any  material  publicizing  ideas  of  war,  militarism,  nazism, 
national  and  racial  hatred  and  enmity  between  peoples,  as 
well  as  material  which  is  immoral  or  instigating  in  nature 
or  is  otherwise  aimed  at  interfering  in  the  domestic  affairs 
or  foreign  policy  of  other  states."  Article  VI  elaborated 
the  general  statements  of  Article  IV,  listing  specific  categories 
of  satellite  broadcasting  which  would  be  illegal: 

l^a)  Broadcasts  detrimental  to  the  maintenance  of 
international  peace  and  security; 

(b)  Broadcasts  representing  interference  in  intra- 
state conflicts  of  any  kind; 

(c)  Broadcasts  involving  an  encroachment  on  funda- 
mental human  rights,  on  the  dignity  and  worth 
of  the  human  person  and  on  the  fundamental 
freedoms  for  all  without  distinction  as  to  race, 
sex,  language  or  religion; 


220 


-79- 


(d)  Broadcasts  propagandizing  violence,  horrors, 
pornography,  and  the  use  of  narcotics; 

(e)  Broadcasts  undermining  the  foundations  of  the 
local  civilization,  culture,  way  of  life, 
traditions  or  language; 

(f)  Broadcasts  which  misinform  the  public  in  these 
or  other  matters. 

The  ban  on  specific  categories  of  program  content  was 

supported  by  Article  XII,  which  would  have  denied  any  party 

to  the  convention  the  right  to  enter  into  any  subsequent 

international  agreement  which  conflicted  with  the  convention. 

Thus,  the  proposed  program  content  limitations  were  apparently 

intended  to  apply  even  if  the  broadcasting  and  receiving  states 

had  agreed  to  waive  one  or  more  of  the  limitations.  Consequently, 

under  the  Soviet  draft,  any  third  state  which  considered  the 

programming  exchanged  between  the  broadcasting  and  receiving 

state- -even  if  pursuant  to  an  agreement  between  the  two- -to 

fall  within  the  proscribed  categories,  could  invoke  the 

remedial  procedures  foreseen  in  the  Soviet  draft,  even  if 

there  were  no  possibility  that  the  third  state's  citizens 

would  receive  the  allegedly  objectionable  transmissions.  In 

addition,  the  proposal  also  forbade  advertising,  except  "on 

the  basis  of  specific  agreements  specially  concluded  between 

7 

those  states  concerned." 

The  foundation  for  the  remedial  process  was  laid  by 
Article  VI,  which  imposed  international  liability  of  states 
against  a broadcasting  state  where  programming  contained 
proscribed  materials.  Article  VII  extended  the  liability  of 
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the  broadcasting  state  to  include  any  act  of  illegal  broadcasting 
by  one  of  its  nationals,  whether  or  not  the  broadcas;  was 
actually  transmitted  by  a government  agency.  The  imposition 
of  international  liability  presumably  made  available  to  the 
objecting  state  all  of  the  normal  remedial  procedures  provided 
by  international  law.  Article  IX,  however,  also  permitted  the 
target  state  to  "employ  the  means  at  its  disposal"  to  counteract 

O 

the  illegal  irradiation  of  its  territory  by  a foreign  state. 

The  convention  did  not  state  explicitly  whether  retaliatory 

military  action  against  the  satellite  would  be  permissible  in 

such  cases.  However,  that  interpretation  was  given  credence 

by  language  contained  in  Foreign  Minister  Gromyko's  letter 

conveying  the  draft  convention  to  the  Secretary-General : 

States  may  utilize  the  means  at  their  disposal  to 
counteract  illegal  direct  broadcasting  of  which 
they  are  the  object,  not  only  in  their  own  territory 
* but  also  in  outer  space  and  other  areas  beyond  the 

limits  of  national  jurisdiction  of  any  state. 9 

Gromyko's  statement  leaves  open  a number  of  undesirable  responses 

by  the  target  state,  including  the  destruction  of  the  satellite 

in  space.  Eventually,  however,  the  Soviets  indicated  that 

only  "lawful"  measures  would  be  authorized  under  the  convention.'*' 

The  Secretary-General  referred  the  Soviet  draft  to  the 

Committee  on  the  Peaceful  Uses  of  Outer  Space,  which  in  turn 

approved  consideration  of  direct  broadcast  issues  by  the 

Working  Croup  at  its  fourth  session. ** 

At  the  fifth  session  of  the  Working  Group,  the  Soviet 

Union  also  took  a slightly  moderated  position,  substituting  a 


222 


-81- 


1 2 

draft  declaration  of  principles  for  the  draft  convention. 

The  substantive  provisions  were  essentially  identical  to  those 
of  the  1972  draft  convention,  with  two  exceptions.  The  first 
exception  was  the  draft  declaration's  omission  of  the  listing 
of  prescribed  categories  of  program  content  in  Article  VI  of 
the  draft  convention.  Although  the  specific  listing  is  omitted, 

the  general  prescriptions  of  pr-  grams  promoting  militarism, 
racial  hatred  and  cultural  subversion  contained  in  Article  IV 
o."  the  convention  are  retained  in  Article  IV  of  the  draft 
declaration,  leaving  the  scope  or  effect  of  the  limits  on 
program  content  substantially  unaffected. 

A second  difference  between  the  two  drafts  relates  to  the 
issue  of  spillover.  Under  Article  VIII (2)  of  the  1972  draft 
convention,  any  state  believing  itself  subjected  to  uninten- 
tional radiation  would  have  been  entitled  only  to  request 
consultations  with  the  broadcasting  state.  The  draft  declaration 
would  have  authorized  the  offended  state  to  compel  immediate 
consultations  regarding  program  content  if  the  unintentional 
spillover  were  receivable  in  its  territory  by  ordinary  receivers 
or  receivers  augmented  by  simple  devices. Both  drafts  would 
have  proscribed  any  intentional  broadcast  unless  authorized 
by  prior  agreement  between  the  breadcasting  and  receiving  states. ^ 

The  final  difference  between  the  two  Soviet  drafts  is 
found  in  the  remedial  provisions.  Article  IX(1)  of  the  1972 
draft  convention  would  have  permitted  any  party  to  the  convention 
to: 
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eraploy  the  means  at  its  disposal  to  counteract 
illegal  television  broadcasting  of  which  it  is  the 
object,  not  only  in  its  own  territory  but  also 
in  outer  space  and  other  areas  beyond  the  limits 
of  the  national  jurisdiction  of  any  State, 

leaving  open  the  possibility  that  an  offended  state  might 

consider  itself  entitled  to  destroy  the  satellite  relaying 

allegedly  unlawful  programming.^^  The  counterpart  to 

Article  IX (1)  in  the  draft  declaration  limits  the  response  of 

the  complainant  state  to  those  "measures  which  are  recognized 

17 

as  legal  under  international  law. 

Despite  the  near  identity  between  the  operative  provisions 

of  the  1972  draft  convention  and  the  1974  draft  declaration, 

the  former  represents  a moderation  of  the  Soviet  position. 

By  accepting  a non-binding  declaration,  rather  than  a treaty, 

as  the  appropriate  mode  for  expressing  an  international  consensus, 

the  Soviets  moved  toward  compromise  with  the  American  and 
0 

Swedish-Canadian  positions. 

2.  The  Swedish^^an^  Pra/t 

Also  considered  at  the  fourth  session  of  the  Working 

Group  in  1973  was  a draft  declaration  submitted  jointly  by 

the  Swedish  and  Canadian  delegations.  Officially  entitled 

The  Draft  Principles  Governing  Direct  Television  Broadcasting 
1 8 

by  Satellite,  the  Swedish-Canadian  proposal  attempted  to 
reconcile  the  free  flow  of  information  with  national  sovereignty 
through  the  application  of  the  basic  principles  of  cooperation 
and  participation.  Like  the  Soviet  draft  convention,  the  joint 
Swedish-Canadian  proposal  would  have  required  the  broadcaster 
to  secure  the  consent  of  the  recipient  state: 
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Direct  television  broadcasting  by  satellite  to  any 
foreign  State  shall  be  undertaken  only  with  the 
consent  of  that  State.  The  consenting  State  shall 
have  the  right  to  participate  in  activities  which 
involve  coverage  of  territory  under  its  jurisdiction 
and  control.  This  participation  shall  be  governed 
by  appropriate  international  arrangements  between 
the  States  involved  . . . . 19 

The  draft  declaration  did  not,  however,  include  an  explicit 

program  code.  Instead,  Article  VIII  would  have  mandated 

participation  of  the  recipient  state  in  "the  scheduling,  content, 

production  and  exchange  of  programmes  and  all  other  aspects, 

including  if  appropriate,  the  training  of  technical  and  programme 
20 

personnel."  The  combination  of  prior  consent  and  participation 

provisions  would  have  nullified  the  potential  tor  offensive 

program  content,  while  permitting  the  participatory  states  to 

tailor  programming  to  their  respective  needs.  Although  the 

prior  consent  provision  was  comparable  to  that  proposed  in 

the- Soviet  draft,  the  Swedish-Canadian  draft  would  have 

permitted  interested  states  to  consent  to  any  type  of  programming, 

while  the  Soviets  advocated  the  establishment  of  prohibitions 

21 

against  specific  categories  of  content. 

The  Swedish-Canadian  draft  declaration  also  would  have 
distinguished  between  technically  unavoidable  spillover  and  the 
intentional  transmission  of  television  signals  to  a foreign 
country.  While  the  prior  consent  clause  would  not  have 
operated  in  the  case  of  unavoidable  spillover,  the  draft 
declaration  specified  that  the  consent  and  participation 
provisions  were  to  be  applicable  in  situations: 
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(a)  where  coverage  of  the  territory  of  a foreign 
State  entails  radiation  of  the  satellite  signal 
beyond  the  limits  considered  technically  unavoidable 
under  the  Radio  Regulations  of  the  International 
Telecommunication  Union;  or 

(b)  where  notwithstanding  the  technical  unavoid- 
ability  of  spillover  to  the  territory  of  a foreign 
State,  the  satellite  broadcast  is  aimed  specifically 
at  an  audience  in  that  State  within  tne  area  of 
spillover. 22 

If  any  state  concluded  that  another  was  violating  the  principles 
set  forth  above,  the  joint  document  would  have  authorized  the 
former  to  call  upon  the  latter  to  enter  into  consultations 
regarding  the  alleged  violations.  If  the  consultations  did 
not  reach  a mutually  acceptable  settlement,  the  aggrieved  state 
would  have  been  entitled  to  seek  a settlement  through  the 
established  procedures  for  the  resolution  of  disputes  "such 

23 

as  conciliation,  mediation,  arbitration  or  judicial  settlement." 

The  Swedish-Canadian  draft  appears  to  be  a useful  com- 
promise between  the  Soviet  draft  convention  and  the  arguments 
presented  orally  by  the  American  delegation.  The  proposal 
contained  an  explicit  prior  consent  provision,  similar  to  that 
sought  by  the  Soviets,  but  it  omitted  the  controls  on  program 
content  so  vehemently  opposed  by  the  American  delegation. 
Nonetheless,  the  ommission  wap  potentially  compatible  with  the 
Soviet  position,  since  the  shared  control  of  specific  programming 
could  serve  as  an  effective  substitute.  The  joint  proposal 
would  also  have  assured  American  broadcasters  that  they  would 
not  be  forbidden  to  transmit  commercial  programming  to  other 
nations  on  the  basis  of  objections  based  on  content,  provided 
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they  were  able  to  persuade  the  receiving  state  to  consent  to 
receive  direct  broadcasting.  In  addition,  a state  irradiated 
by  spillover  resulting  from  consented  transmission  between  two 
other  states  could  not  interfere  with  the  transmissions  on 
the  ground  that  it  had  not  also  consented,  if  the  spillover 
were  technically  unavoidable  and  not  specifically  directed  at 
the  complaining  state.  Finally,  the  fact  that  the  document 
did  not  authorize  censorship  or  contain  a list  of  proscribed 
programs  could  have  eased  the  American  constitutional  objections 
to  international  broadcast  regulation. 

3.  The  Unit_ed  States  DvaJ^t  Pp±nci_pj^e£ 

During  the  first  four  sessions  of  the  Working  Group, 
the  United  States  consistently  argued  that  any  international 
declaration  or  treaty  on  direct  broadcasting  would  impede 
development  and  operational  implementation  of  the  technology. 
However,  in  response  to  the  Soviet  and  Swedish-Canadian 
initiatives,  the  United  States  delegation  submitted  its 
own  draft  declaration  of  principles  to  the  fifth  session  of 
the  Working  Group.  Framed  in  general  terms,  the  American 
Draft  Principles  on  Direct  Broadcast  Satellites  did  not 
attempt  to  enumerate  illegal  broadcast  applications.  In 
contrast  to  the  Soviet  document,  the  American  proposal  took  a 
positive  approach,  encouraging  rather  than  limiting  the  use 
of  direct  broadcast  satellites.  The  draft  recognized  the  need 
for  direct  broadcasting  to  develop  within  the  limits  imposed  by 
the  ITU  technical  parameters  and  procedures,  as  well  as  by 
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international  law,  including  the  United  Nations  Charter  and 

25 

the  Outer  Space  Treaty.  In  its  proposal  the  United  States 

also  included  the  principle  that  direct  broadcasting  should 

be  carried  out  in  a manner  both  compatible  with  the  maintenance 

of  international  peace  and  sensitive  to  the  differences  among 
2 6 

cultures.  Within  that  framework  the  American  delegation 

proposed  that  the  evolving  technology  be  applied  so  as  to 

"encourage  and  expand  the  free  and  open  exchange  of  information 
27 

and  ideas."  Implementation  of  the  fundamental  principle  of 
the  free  flow  of  information  was  to  be  achieved  by  promoting 
access  of  every  state  to  both  transmitting  and  receiving 

28 

facilities  insofar  as  technical  obstacles  could  be  overcome. 

The  organizational  and  programming  barriers  were  to  be  overcome 

through  cooperative  efforts  of  international  organizations 

29 

and  regional  broadcasting  associations,  with  any  disputes 
to  be  resolved  by  establisl  ed  procedures.  Finally,  the  draft 
principles  introduced  by  the  United  States  delegation  called 
upon  the  Unite.*  Nations  and  its  member  states  to  "review  the 
questions  of  the  use  of  satellites  for  international  direct 
television  broadcasting  if  practical  experience  indicates  the 
need  for  such  a review. ^ 

From  the  beginning  of  the  direct  broadcast  debate,  the 
basic  tenets  of  the  American  oosition  had  been  the  free  flow 
of  information,  deferral  of  regulation  until  concrete  problems 
have  arisen,  and  application  of  the  evolving  technology  through 
regional  cooperation.  Thus,  in  one  sense,  the  proposed  principles 
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simply  formalized  the  previously  established  position.  None- 
theless, the  American  draft  represented  an  important  step 
toward  compromise.  Until  the  Working  Group's  fifth  session, 
the  United  States  had  opposed  any  attempt  to  establish  limitations, 
whether  binding  or  not,  on  direct  broadcasting.  By  introducing 
its  own  set  of  draft  principles,  the  United  States  accepted 
the  proposition  that  the  establishment  of  such  non-binding 
principles  would  facilitate  the  development  of  the  technology. 

The  American  proposal  also  recognized  for  the  first  time  the 
need  to  include  a provision  for  broad  access  in  order  to  ensure 
the  two-way  flow  envisioned  in  the  principle  of  free  flow 
of  information.  Although  conditioned  upon  the  ability  to  over- 
come unspecified  "practical  dif f iculites ,"  the  shared  access 
principle  represented  another  step  toward  resolution  of  the 
direct  broadcast  controversy. 


229 


-88- 


B.  Present  Status  of  the  Direct  Broadcast  Debate 

Since  1974  the  CPUOS  Legal  Sub-Committee  has  made  some 
progress  toward  a consensus  on  direct  broadcast  issues.  The 
following  subsections  are  intended  to  describe  the  current 
status  of  the  debates  on  specific  key  issues. 

1 . and  Ob^eotiveB 

At  the  final  session  of  the  Working  Group  in  1974,  the 

delegations  agreed  that  direct  broadcasting  should  have  as 

its  goals  the  promotion  of  international  peace,  the  facilitation 

of  global  economic  and  social  development  and  the  furtherance 

37 

of  intercultural  understanding.  The  report  concluded  that 
all  direct  broadcasting  activities  should  be  conducced  exclu- 
sively in  a manner  compatible  with  those  goals. ^ However,  at 
the  fourteenth  session  of  the  Legal  Sub-Committee,  one  group 
of  delegates  argued  that  that  policy  should  be  made  mandatory, 

while  others  contended  that  the  principle  in  question  should 

34 

remain  a nun-obligatory  statement  of  * general  policy. 

During  the  fifteenth  session,  the  delep  ^ions  agreed  on  the 

, , 35 

latter  approach. 

2.  o£  Int£rfmjtional  Law 

The  report  of  the  fourteenth  session  of  the  subcommittee 
recognized  that  the  United  Nations  Charter,  the  Outer  Space 
Treaty,  and  the  International  Telecommunication  Convention 
with  its  Radio  Regulations  had  established  general  limits 
within  which  direct  broadcasting  would  have  to  evolve. ^ 

Left  unresolved,  however,  was  the  issue  whether  the  draft 
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principle  regarding  the  applicability  of  international  law 

should  state  that  direct  broadcasting  "should  be"  conducted 

in  accordance  with  generally  recognized  rules  or  whether  such 

a provision  should  impose  on  states  the  obligation  to  ensure 

the  compliance  of  activities  within  their  jurisdiction.  In 

addition,  disagreement  remained  relating  to  the  inclusion  among 

the  principles  to  be  applied  of  the  Universal  Declaration  of 

Human  Rights,  the  International  Covenant  on  Civil  and  Political 

Rights  and  the  Declaration  on  Principles  of  International  Law 

38 

Concerning  Friendly  Relations  and  Cooperation  Among  States. 

Article  III  of  the  1967  Outer  Space  Treaty  appears  to 
resolve  the  f irst\^iestion  by  obligating  states  who  are  partii  ' 
to  the  treaty  to  conduct  activities  in  outer  space  in  accordance 
with  international  law.  Consequently,  the  obligation  of 
states  to  comply  with  international  law  would  not  be  diminished 
by  omission  of  an  express  statement  of  the  obligation.  Thus, 
the  decision  of  the  subcommittee  at  its  fifteenth  session  to 
endorse  non-obligatory  language  does  not  seriously  limit  the 
legal  impact  of  the  draft  declaration  ultimately  approved  by 
CPUOS.40 

Although  the  inclusion  of  general  references  to  the 
Universal  Declaration  of  Human  Rights,  the  International 
Covenant  on  Civil  and  Political  Rights,  and  the  Declaration 
of  Principles  of  International  Law  Concerning  Friendly  Relations 
and  Cooperation  Among  States  could  be  justified  as  an  additional 
step  toward  the  establishment  both  of  a liberal  regime  for 
direct  broadcasting  which  would  facilitate  educational  application 
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and  of  customary  rules  regarding  an  international  obligation 
to  protect  human  rights,  the  practicalities  of  international 
negotiation  in  the  present  case  seem  to  indicate  that  reference 
will  be  made  only  to  those  principles  particularly  relevant 
to  the  direct  broadcast  controversy,  namely  sovereignty,  non- 
intervention, and  the  free  flow  of  information.  In  order  to 
facilitate  establishment  of  a consensus,  the  subcommittee 
agreed  in  1976  to  substitute  the  phrase  "the  relevant  provisions 
of  . . . international  instruments  relating  to  friendly  relations 

and  co-operation  among  States  and  to  human  rights"  in  place  of 

41 

reference  to  specific  instruments  as  previously  proposed. 

3.  Rj&htjB  and.  Bene£it_8 

At  the  1974  session  of  the  Working  Group,  ^he  participating 
delegations  agreed  that  all  states  have  an  equal  right  to 
conduct  or  authorize  direct  broadcasting,  and  that  all  states 
are  Entitled  to  share  in  the  benefits  of  the  new  tecnnology, 

42 

regardless  of  their  degree  of  economic  or  scientific  development. 

The  sharing  of  benefits  thus  foreseen  was  to  include  increasing 

opportunities  for  access  to  direct  broadcast  systems,  based 

43 

on  specific  agreements  between  the  states  concerned.  The 
basic  consensus  was  not  uisturbed  at  the  fourteenth  session  of 
the  Legal  Sub-Committee.  Two  sub-issues  were,  however,  left 
unresolved. ^ First,  some  delegations  advocated  inclusion  of 
a provision  limiting  direct  broadcast  activities  to  either 
governmental  agencies  or  entities  under  government  supervision. 

The  inclusion  of  such  a provision  would  be  important  to  the 
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imposition  of  the  international  liability  of  states,  and 

would  therefore  be  an  essential  par  of  any  regime  designed  to 

impose  enforceable  restrictions  an  pregram  content.  In  all  of 

its  proposals,  the  Soviet  Union  ha?  consistently  sought  to 

restrict  direct  broadcast  activities  tc  those  entities  controlled 

45 

by  their  respective  governments.  The  United  States  has 
resisted  such  attempts  in  order  to  preserve  the  use  of  direct 
broadcast  satellites  for  commercial  programming.  A second  sub- 
issue arose  regarding  whether  the  right  of  equitable  sharing 
in  the  benefits  of  direct  broadcasting  should  be  stated  in 
obligatory  or  normative  terms. ^ The  subcommittee  reached 
agreement  at  its  1976  session  based  on  normative  rather  than 
obligatory  language  and  on  the  deletion  of  express  references 

to  both  supervision  by  governments  and  activities  of  individuals 
47 

m outer  space. 

4.  ln^XI^i£Jl£L  Coo2erati:on 
Strong  recognition  was  given  to  the  principle  of  inter- 
national cooperation  in  the  report  of  the  fifth  Working  Group 
which  described  corporations  as  a "touchstone  for  the  development 
and  use  of  direct  television  broadcasting  by  satellite,"  and 
called  upon  states  and  international  organizations,  both 
governmental  and  non-governmental,  to  make  every  effort  to 
enhance  the  capabilities  of  interested  states  to  take  advantage 
of  direct  broadcast  technology.  Disagreement  surfaced,  however, 
in  Legal  Sub-Committee  discussions  regarding  the  application 
of  the  principle.  Some  delegations  argued  that  direct  broad- 
casting should  be  "based  on"  international  cooperation,  while 
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others  advocated  a regime  in  which  direct  broadcasting  would 
. . 49 

encourage  international  cooperation.  The  former  position 
was  consistent  with  the  Swedish-Canadian  position  that 
international  cooperation  is  essential  to  the  realization 
of  the  educational  potential  of  direct  broadcasting,  and 
that  any  set  of  governing  principles  should  include  a 
general  prior  consent  provision.  The  position  that  direct 
broadcasting  should  "encourage"  international  cooperation 
expressed  optimism  regarding  the  educational  value  of  direct 
broadcasting,  but  did  not  mention  --  and  presumably  implicitly 
rejected  --  the  principle  of  prior  consent.  A compromise 
was  reached  at  the  fifteenth  session  of  the  Legal  Sub-Committee 
which  provided  that  direct  broadcasting  activities  "should 
be  based  upon  and  encourage  international  co-operation."^ 

5.  Stcrte 

A consensus  was  also  obtained  b-’  the  fourteenth  session 
of  the  Legal  Sub-Committee  on  the  issue  of  state  responsibility. 
The  delegations  at  the  fifth  Working  Group  had  agreed  that 
states  should  bear  international  responsibility  for  direct 
broadcast  activities  as  described  in  Article  VI  of  the  Outer 
Space  Treaty. Beyond  that  point  disagreement  on  the  issue 
surfaced.  Some  delegations  argued  that  a state  should  bear 
international  responsibility  for  all  activities  carried  out 
by  its  nationals,  regardless  of  whether  the  government  had 
any  authority  under  its  constitution  and  laws.  Other  delegations 
rejected  that  argument,  contending  that  the  advantage  of  such 
a principle  would  have  made  states  internationally  liable 


234 


-93- 


for  the  content  of  programming,  a r lit  which  would  have  been 

unacceptable,  especially  for  those  states  whose  broadcasting 

52 

entities  were  not  subject  to  state  control. 

The  Legal  Sub-Committee's  drafting  group  resolved  the 

disagreement  and  achieved  a complete  consensus  regarding  the 

question  of  state  responsibility  for  direct  broadcasting. 

Building  on  the  foundation  laid  in  the  Outer  Space  Treaty, 

the  draft  principle  accepted  by  the  drafting  group  would 

impose  responsibility  on  a state  to  ensure  that  all  activities 

carried  out  by  the  state  or  under  its  jurisdiction  are  conducted 

53 

in  conformity  with  the  whole  set  of  draft  principles.  Where 
direct  broadcasting  is  carried  out  by  an  international 
organization,  international  responsibility  would  be  borne 

54 

both  by  the  organization  and  by  individual  member  states. 

The  essential  elements  of  this  agreement  were  not  altered  by 
the  negotiations  of  the  subcommittee's  fifteenth  session.55 

6.  Dutjt  9lHA  EilllLt  Consult 
At  the  conclusion  of  the  fourteenth  session,  no  consensus 
was  established  on  conflicting  proposals  regarding  consultation 
between  states  with  respect  to  direct  broadcasting.  The 
subcommittee  reported  two  alternative  proposals.5^  The  first, 
supported  mainly  by  potential  "receiving"  states,  would  have 
authorized  a state  which  had  reason  to  believe  that  its 
interests  would  be  adversely  affected  by  the  direct  broadcast 
activities  of  another  state  to  request  consultations  with  the 
broadcasting  state.  Under  that  approach,  the  broadcasting 
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state  would  have  been  required  to  enter  into  appropriate 
consultations  without  delay.  The  second  alternative  would 
have  provided  that  any  state  which  received  a request  for 
consultation  regarding  the  direct  broadcast  activities  of 
either  should  agree  to  commence  such  consultations  without 
delay.  At  its  fifteenth  session,  the  subcommittee  was  able 
to  reach  agreement  on  a draft  principle  which  parallels  the 

c 7 

second  alternative  described  above. 

7 . Pvio_v  C£n8errt 

The  most  difficult  problem  in  the  resolution  of  the  direct 
broadcast  controversy  is  the  prior  consent  issue.  At  the 
close  of  the  fifth  session  of  the  Working  Group,  the  delegations 
remained  divided  into  three  main  factions  on  the  issue  of 
prior  consent,  with  the  largest  group  favoring  a legal  regime 
granting  the  receiving  state  the  right  to  deny  its  consent. 

That  group  argued  that  prior  consent  is  consistent  with  the 
recognized  right  of  each  state  to  regulate  its  own  communica- 
tions system,  and  that  a prior  consent  regime  would  avoid 

58 

contravention  of  national  broadcasting  legislation.  The 

same  faction  also  noted  that  the  international  community  had 

already  adopted  the  principle  of  prior  consent  when  it  adopted 

Article  7,  §428A  of  the  ITU  Radio  Regulations  at  the  1971 

c q 

WARC-ST  Conference. 

The  second  major  group  maintained  that  a clear  distinction 
must  be  drawn  between  direct  broadcasts  intentionally  transmitted 
to  a foreign  state  and  those  received  there  as  a result  of 
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unavoidable  spillover.  In  the  first  case,  it  was  argued, 
prior  consent  should  be  required,  because  the  principle  of 
sovereignty  gives  each  state  the  right  to  determine  the  form 
of  its  own  political,  economic  and  social  systems,  and  therefore, 
the  flow  of  information  in  its  territory.  Further,  the 
inequality  of  opportunity  to  use  direct  broadcast  technology 
strengthens  the  need  for  the  protection  which  would  be  provided 
in  a regime  based  on  the  concept  of  prior  consent. 66 

The  third  major  faction  rejected  the  principle  of  prior 
consent  altogether.  These  delegations  argued  that  the  right 
of  prior  consent  would  give  the  receiving  state  the  authority 
to  veto  the  transmission  of  any  given  program,  thereby  pro- 
gressively undermining  the  principle  of  the  free  flow  of 
information  contrary  to  Article  19  of  the  Universal  Declaration 
of  Human  Rights.6*  In  addition,  the  imposition  of  a regime 
based  on  prior  consent  would  inhibit  full  realization  of  direct 

broadcast  technology,  particularly  for  domestic  systems,  if 

62 

the  principle  were  applied  to  spillover. 

When  the  Legal  Sub-Committee  adjoined  its  fourteenth 
session,  two  main  positions  on  the  questions  of  prior  consent 
remained.  Proponents  of  the  first  position  would  prohibit 
direct  broadcasts  to  any  state  unless  that  state  had  consented. 

If  consent  were  given,  the  consenting  state  would  have  the 
right  to  participate  in  activities  related  to  coverage  of  its 
territory.  These  consent  and  participation  principles  would 
not  apply,  however,  where  coverage  of  the  foreign  state 
resulted  from  technically  unavoidable  spillover  as  defined  in 
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the  ITU's  Radio  Regulations.63  This  position  appears  to 
correspond  to  the  principles  proposed  by  the  Swedish  and  Canadian 
delegations  to  the  fourth  session  of  the  Working  Group.64 

The  second  faction  rejected  the  principle  of  prior  consent, 
preferring  instead  a legal  regime  based  on  an  undefined  founda- 
tion of  participation  and  cooperation.63  The  sole  concrete 
element  of  cooperation  approved  by  the  second  faction  called 
upon  the  broadcasting  state  to  consult  with  any  receiving 
state  on  the  request  of  the  latter;  however,  the  principle 
proposed  would  call  for  such  consultations  only  with  respect 

A 

to  restrictions  imposed  by  the  broadcasting  state. 

During  the  1976  session,  the  subcommittee  was  unable  to 
report  any  progress.  The  reports  of  the  fourteenth  and 
fifteenth  sessions  contain  identical  sets  of  two  alternative 
draft  principles.6^ 

8.  Sjri  l love_r 

On  the  spillover  issue,  two  main  positions  remained  at 
the  end  of  the  Working  Group's  fifth  session.  The  first  group 
argued  that  since  some  spillover  would  be  unavoidable,  inter- 
national principles  should  be  elaborated  to  minimize  international 
conflict.  The  other  faction  responded  that  technical  develop- 
ments might  eliminate  most  problems  created  by  spillover  before 
individual  reception  in  spillover  areas  will  have  become 
possible,  thus  obviating  the  need  for  a legal  framework  to 
resolve  spillover  disputes,  particularly  when  technical  pro- 

68 

cedu/es  are  already  available  under  the  auspices  of  the  ITU. 
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During  the  fourteenth  session  of  the  subcommittee,  these 
positions  crystallized  somewhat.  One  position  would  require 
the  broadcasting  state  to  use  "all  technical  means  available 
to  reduce,  to  the  maximum  extent  practicable,  the  radiation 
over  the  territory  of  other  countries"  unless  a prior  agreement 

69 

has  been  reached  between  the  broadcasting  and  receiving  states. 

The  other  position  would  impose  no  requirement,  but  merely 

states  that  "all  reasonable  means  should  be  used  to  reduce  to 

a minimum  any  unintended  radiation  of  the  territory  of  other 
70 

countries.  The  latter  position  is  consistent  with  the 

unlimited  regime  advocated  by  the  United  States,  while  the 

former  would  be  an  integral  part  of  the  prior  consent  regime 

proposed  in  the  Swedish-Canadian  drafts. 

Some  movement  on  the  spillover  issue  was  evident  at  the 

1976  session.  Previous  session  reports  had  incorporated  a 

71 

separate  draft  principle  covering  the  spillover  question. 

During  the  fifteenth  session,  the  separate  spillover  principle 

was  deleted,  and  its  suostance  was  incorporated  into  the 

Alternative  A of  the  proposed  consent  principle  which  would 

permit  the  receiving  state  to  deny  its  consent  to  direct 
72 

broadcasts . 

9.  Program  Content 

Another  key  issue  upon  which  the  delegations  were  unable 
to  establish  a consensus  was  the  question  whether  a set  of 
international  principles  governing  direct  broadcasting  should 
proscribe  certain  categories  of  program  content.  One  group 
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of  delegations  argued  that  any  such  legal  regime  should 
combine  a prior  consent  provision  with  an  obligation  to 
exclude  from  direct  broadcasts  programs  which  would  threaten 
international  peace,  or  which  would  promote  war,  militarism 
or  social  hatred,  or  which  would  undermine  the  foundations 
of  the  local  civilization  in  any  way.  The  listing  of  programs 
to  be  banned  resembled  those  contained  in  both  the  Soviet 

Union's  1972  draft  convention  and  its  1974  draft  declaration  of 

. . . 74 

principles . 

The  second  main  position  was  similar  to  that  advanced 

by  the  Swedish  and  Canadian  delegations  in  previous  sessions. 

The  report  of  the  fifth  Working  Group  noted  that  some  delegations 

had  espoused  the  view  that  because  of  political,  eononomic, 

social  and  cultural  differences  among  states,  the  establishment 

of  general  principles  or  objective  criteria  for  applying  those 

principles  would  be  very  difficult,  if  not  impossible.  Further, 

it  was  argued  that  the  incxusion  of  a principle  of  prior 

consent  in  a legal  regime  governing  direct  broadcasting  would 

render  restrictions  on  program  content  unnecessary,  particularly 

if  prior  consent  were  complemented  by  a principle  providing  for 

75 

participation  of  the  receiving  state.  The  related  view  was 

expressed  that,  if  the  conduct  of  direct  broadcasting  was  to  be 

governed  by  the  key  principle  of  international  cooperation,  the 

inclusion  of  limitations  effectively  dictating  program  content 

76 

would  be  inappropriate. 
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During  the  Legal  Sub-Committee  debates,  the  American 

position  merged  with  the  Swedish-Canadian  positions  despite 

the  conflict  between  the  two  on  the  question  of  prior  consent. 

They  proposed  a principle  calling  for  cooperation  between  states 

with  respect  to  programming,  program  content,  production  and 

77 

exchange  of  programs.  The  fourteenth  session  report  also 

notes  a position,  like  that  advocated  consistently  throughout 

the  debates  by  the  Soviet  delegation,  which  would  require  states 

to  exclude,  regardless  of  other  agreements,  programming  material 

which:  1)  is  detrimental  to  the  maintenance  of  international 

peace;  2)  publicized  war,  militarism,  nazism  or  racial  hatred; 

3)  is  aimed  at  interfering  in  the  domestic  affairs  of  other 

78 

states;  or  4)  undermines  local  culture  in  any  way. 

During  the  Working  Group  debates  regarding  program  content, 

the  question  of  the  permissibility  or  commercial  programming 

or  advertising  arose.  One  faction  supported  the  view  that 

to  the  extent  direct  broadcast  advertising  created  a demand 

in  the  receiving  state  for  a particular  product  or  in  any 

other  way  generated  conditions  unfavorable  to  local  industry, 

such  programming  would  be  undesirable  and  should  be  permitted 

79 

only  when  expressly  permitted  by  the  receiving  state.  Other 
states  argued  that  no  distinction  should  be  drawn  between 
advertising  or  commercial  programming  and  any  other  category 
of  program  content.  The  same  positions  were  taken  in  the 
Legal  Sub-Committee,  with  the  result  that  a third  disputed 
paragraph  relating  to  program  content  would  permit  commercial 
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advertising  only  on  the  basis  of  prior  agreements  was  incor- 

8 1 

porated  in  the  session  report.  During  its  1976  session,  the 

Legal  Sub- Commit ceo  was  unable  to  achieve  progress  on  any 

8 2 

aspect  of  the  program  content  issue. 

10.  Unlaij£ul  or_  flroadcqefca 

Closely  related  to  thi  questions  of  prior  consent  and 

program  content  is  a draft  principle  defining  unlawful  or 

inadmissible  broadcasts.  The  first  clause  of  the  draft  principle 

reported  by  the  subcommittee  is  taken  verbatim  from  Article  VI 

of  the  draft  principles  presented  to  the  fifth  session  of  the 

83 

Working  Group  by  the  Soviet  delegation.  It  provides  that 
the  international  liability  of  states  arises  when  either 
broadcasts  are  conducted  without  the  express  consent  of  the 
receiving  state,  or  the  broadcasts  contain  proscribed  material, 
or  when  unintentional  spillover  is  compounded  by  the  broad- 
casting state's  failure  to  enter  into  appropriate  consultations 

84 

with  the  receiving  state.  The  draft  principle  again  drew 

from  the  Soviet  proposals  to  the  fifth  Working  Group  when  it 

authorized  the  receiving  state  to  take  any  remedial  measures 

recognized  as  legal  under  international  law,  without  placing 

any  priority  upon  negotiation,  conciliation,  arbitration  or  any 

of  the  other  conflict  resolution  techniques  preferred  in  the 

8 5 

United  Nations  framework.  The  states  which  opposed  a direct 
broadcast  regime  based  on  program  content  limitations  or  prior 
consent,  and  consequently  opposed  outlawing  any  broadcast, 
rejected  the  draft  principle  in  toto. 
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C.  Prospects  for  Resolution  of  the  Direct  Broadcast  Debates 

When  the  direct  broadcast  debates  began  in  1963,  they 
were  not  characterized  by  any  special  sense  of  urgency,  since 
direct  satellite  broadcasting  was  neither  technologically  nor 
economically  feasible  in  the  foreseeable  future.  Since  then 
the  pressure  to  impose  international  controls  to  prevent  potential 
abusive  applications  of  the  technology  has  increased  sharply, 
primarily  because  of  rapid,  highly  visible  technological  progress. 
NASA's  experimental  communication  satellite  programs,  especially 
those  using  Application  Technology  Satellites  (ATS)  1,  3,  5 
and  6,  and  the  operational  successes  of  the  Intelsat  system 
have  been  particularly  instrumental  in  overcoming  technological 

0 it 

barriers  to  direct  broadcasting.  These  experiments,  combined 

with  ambitious  plans  for  more  advanced  experimentation,  including 

the ' Indian-American  SITE  experiment  and  the  Canadian-American 
8 7 

CTS  projects,  have  motivated  other  countries  to  develop  their 
own  experimental  or  operational  direct  broadcast  programs. 

At  the  Panel  Meeting  on  Satellite  Broadcast  Systems  for  Education 
convened  by  CPUOS  in  Tokyo  in  April  1974,  Japan  announced 
that  it  would  launch  an  experimental  direct  broadcast  satellite 
in  1976, 88  and  the  Canadian  and  Brazilian  delegations  outlined 
plans  to  launch  new  domestic  satellites  to  facilitate  communi- 
cations  with  their  vast,  remote  hinterlands.  The  French 
delegation  offered  free  time  on  its  Symphonie  satellite  to 

90 

French-speaking  African  nations  for  educational  programming, 
and  the  European  Space  Research  Organization  announced  plans 
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to  establish  an  operational  regional  broadcast  system  by  1980. 91 
Indonesia  and  Iran  announced  long-range  preparations  for 
educational  television  broadcasting  via  satellite,  and  Malaysia 
discussed  its  program  to  install  5,500  television  and  radio 
receivers  and  2,000  electric  generators  in  rural  locations 
in  order  to  improve  its  national  educational  system.  Although 
the  Malaysians  plan  to  rely  on  terrestrial  distribution,  they 
could  become  users  of  the  Japanese  satellite  if  costs  prove  to 
be  sufficiently  low. 

Although  the  technological  developments  justify  some 
international  institutional  response,  the  magnitude  of  the 
response  seems  disproportionately  large  in  comparison  to  the 
imminence  of  potentially  abusive  application.  Examination 
of  the  United  Nations  debates  in  direct  broadcasting  indicate 
the  presence  of  three  factors  which  have  disrupted  the  processes 
which  normally  operate  to  establish  an  equilibrium  between  the 
forces  which  motivate  technological  development  and  those 
which  support  the  creation  of  a regulatory  institution  to 
control  abuses  of  the  evolving  technology. 

The  first  of  these  is  the  failure  to  gauge  accurately  the 
relationship  between  specific  experimental  developments  and  the 
final  technical  configuration  of  a direct  broadcast  system 
which  could  be  used  for  the  purposes  cited  by  proponents  of  a 
restrictive  international  legal  regime.  For  example,  the  report 
of  the  first  Working  Group  concluded  that  satellite  transmission 
of  television  signals  direct  to  unaugmented  home  receivers 
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was  "not  foreseen  for  the  period  1970-1985,"  because  present 
technology  did  not  possess  the  means  to  transmit  sufficiently 
powerful  signals  from  satellites . ^ A number  of  governments 
erroneously  interpreted  this  statement  at  future  meetings  of 
the  Working  Group  to  mean  that  telecasting  directly  to  home 
installation*  would  begin  in  1985.  Actually,  the  Working  Group 
concluded  that  it  would  not  be  economically  practical  at  any 
time  before  1985,  and  perhaps  not  for  some  time  after  that.^ 
National  position  papers  submitted  to  later  sessions  of  the 
Working  Group  based  their  analyses  of  the  direct  broadcast 
issues  on  the  figures  established  during  the  first  session. 

Not  always  accurate,  the  initial  findings  alarmed  those  nations 
concerned  about  propaganda  and  cultural  imperialism,  and  may 
have  added  a note  of  urgency  to  their  draft  recommendations  for 
the  Working  Group. 

The  second  factor  which  has  upset  the  normal  equilibrium 
between  technological  and  regulatory  interests  is  the  failure 
to  assess  realistically  the  limitations  imposed  on  operational 
direct  broadcasting  by  economic  factors.  In  those  more 
developed  countries  which  have  equipped  themselves  at  great 
cost  with  an  extensive  terrestrial  network  for  the  distribution 
of  television  programming,  transition  to  operational  use  of 
direct  broadcast  satellites  would  entail  a radical  realignment 
of  the  existing  distribution  patterns.  In  the  United  States, 
for  example,  transmission  to  home  receivers  would  eliminate 
the  need  for  local  television  stations,  the  common  carrier  land 
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lines  connecting  the  local  stations  with  the  central  program 
production  facilities  of  the  major  television  network  organi- 
zations and  cable  television  companies.  Understandably, 
therefore,  special  interest  groups  have  opposed  the  use  of 
direct  satellite  broadcasting  for  national  programming.  Until 
a reliable  economi . analysis  balancing  the  cost  of  the  necessary 
realignment  against  the  benefits  of  a direct  broadcast  network 
has  been  made,  countries  already  possessing  extensive  television 
distribution  networks  are  not  likely  to  make  a rapid  transition 
to  direct  broadcasting. 

For  those  reasons,  the  newly  evolved  technology  will 

probably  be  most  beneficial  to  the  less  developed  countries. 

Such  states  generally  have  television  broadcast  facilities 

which  serve  only  a few  major  cities.  The  construction  of  a 

comprehensive  national  network  using  conventional  ground 

facilities  is  often  economically  unfeasible  due  to  the  present 

cost  of  hardware.  The  broadcast  satellite  can  dramatically 

reduce  these  co‘-.ts,  especially  when  serving  a large  geographic 

95 

area,  difticult  terrain,  or  a widely  dispersed  population. 

In  addition,  a direct  broadcast  television  network  could 
become  operational  in  a fraction  of  the  time  needed  to  construct 
a terrestrial  system  based  on  cable  and  microwave.  Both  of 
these  factors  recommend  direct  broadcasting  to  such  nations 
as  Brazil,  India  and  Indonesia,  where  topographical  features 
prevent  the  construction  of  truly  national  television  systems. 
Once  operational,  a direct  broadcast  system  could  contribute 
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significantly  to  national  development  by  facilitating  national 

integration  and  improving  the  quality  of  the  country's  educa- 
96 

tional  system.  In  addition,  users  of  direct  broadcasting 

would  probably  reap  other  less  direct  benefits,  including 

national  economic  development  anJ  access  to  foreign  and 

international  information  resources. 

Despite  the  relatively  large  range  of  advantages  to  be 

derived  from  direct  broadcasting  by  those  countries  which  do 

not  yet  have  an  extensive  investment  in  terrestrial  distribution 

systems,  two  main  economic  impediments  still  delay  operational 

use  by  those  countries.  First,  the  cost  of  operating  a direct 

broadcasting  satellite  system  will  still  remain  prohibitively 

expensive  for  individual  less  developed  countries.  At  the 

United  Nations  Panel  Meeting  on  Satellite  Broadcasting  Systems 

for  Education,  sponsored  by  CPUOS  in  Tokyo  during  February 

and"  March,  1974,  the  UNESCO  representative  presented  an  analysis 

of  the  financial  requirements  for  satellite  broadcasting, 

concluding  that  a viable  system  dedicated  exclusively  to 

educational  television  would  require  a population  base  of 

100  million,  assuming  a gross  national  product  of  $200  per 
97 

capita.  He  further  noted  that  other  combinations  of  popula- 
tion and  income  could  lead  to  viability,  and  that  Iran,  for 
example,  could  support  a viable  direct  broadcast  educational 
network  with  a population  of  thirty  million,  but  a $1,000  per 

j 8 

capita  income.  By  the  same  formula,  if  the  annual  per  capita 
income  were  $100  --  the  prevailing  income  level  of  many  African 


247- 


ORIGINAL  PAGE  lb 
OP  POOR  QUAJITY 


-106- 


and  Asian  nations  --  it  would  take  a population  of  200  million 

to  support  the  satellite  system.  Ir.  these  cases,  therefore, 

the  introduction  of  satellite  television  will  depend  upon 

99 

cooperative  arrangements  on  a regional  basis,  on  the  use 
of  multipurpose  satellites  capable  of  telephone  and  data 
switching,  as  well  as  television  broadcasting,  and  on  inter- 
national financial  and  technical  assistance. 

The  second  economic  factor  is  the  shortage  and  high  cost 
of  ground  receivers.  At  present,  few  Third  World  states  have 
an  adequate  number  of  receivers  to  make  any  form  of  television 
broadcasting  useful.  In  Asia,  for  example,  only  Japan  and 
Singapore  have  enough  television  sets  per  capita  to  meet  the 
minimum  standard  established  by  UNESCO  as  necessary  if  television 
is  to  serve  as  a useful  educational  tool.  ^ The  shortage 
of  standard  receivers  is  compounded  by  the  fact  that,  at  the 
current  state-of-the-art,  standard  ground  receivers  require 
extensive  augmentation  to  pick  up  the  relatively  weak  signals 
transmitted  by  the  satellites  now  in  orbit.  Augmentation 
increases  the  price  of  both  individual  receivers  and  the  entire 
receiver  network. 

The  report  of  the  first  Working  Group  estimated  the  cost 
of  modifications  to  standard  telei ision  receivers  necessary 
for  use  as  community  receivers  at  $150,  while  the  cost  for 
modification  of  home  receivers  was  estimated  at  $40  - $270.*^ 

The  high  cost  of  the  receivers  places  them  beyond  the  reach 
of  the  vast  majority  of  individuals  in  nearly  every  country. 
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Hence,  in  the  absence  of  substantial  governmental  assistance, 
economic  factors  will  prevent  the  establishment  of  a network 
of  receivers  which  is  both  capable  of  receiving  signals 
broadcast  directly  from  outer  space  and  large  enough  to  justify 
the  enormous  investment  needed  to  establish  the  space  segment 
of  a direct  broadcast  network.  The  necessity  of  governmental 
assistance  in  establishing  the  receiver  network  facilitates 
governmental  control  and  hence  provides  added  protection  against 
potentially  abusive  application. 

The  third  factor  disturbing  the  balance  between  technolo- 
gical and  regulatory  pressures  is  the  failure  of  direct 
broadcasting  antagonists  to  understand  the  extent  to  which 
existing  technical  regulations  perform  the  functions  of  the 
proposed  international  legal  principles.  The  most  important 
examples  are  the  ITU  regulations  which  restrict  satellite 

telecasting  to  frequencies  several  times  higher  than  those 

102 

normally  used  by  standard  television  receivers,  and  those 
which  require  the  broadcaster  to  use  all  means  technically 
available  to  reduce  as  much  as  possible  the  signal  radiation 
over  the  territory  of  other  countries  in  the  absence  of  an 
agreement  to  the  contrary.10"*  The  first  group  of  regulations 
increases  the  complexity  and,  therefore,  the  cost  of  the 
necessary  receivers,  thus  reinforcing  the  economic  factors 
limiting  the  application  of  direct  broadcast  technology.  The 
second  group  is  arguably  identical  in  effect  to  the  prior 
consent  regime  supported  by  advocates  of  a restrictive  approach 
tc  the  technology. 
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An  international  consensus  on  principles  to  govern  direct 
broadcasting  should  strike  an  effective  balance  between  the 
interests  motivating  technological  progress  and  those  advocating 
a restrictive  regulatory  response.  At  present  an  imbalance 
exists  in  favor  of  regulation,  with  the  consequences,  first, 
that  the  implementation  of  the  technology  is  likely  to  be 
deterred,  and  second,  that  agreement  in  the  international 
area  is  unlikely  until  an  equilibrium  is  established.  While 
policy  considerations  may  dictate  some  regulation  at  this  time, 
any  regulatory  scheme  should  reflect  a realistic  assessment 
of  the  impediments  to  technology  applications  already  established 
by  technical  and  economic  factors  and  existing  regulation. 
Although  the  delegates  to  the  fifteenth  session  of  the  Legal 
Sub-Committee  were  unable  to  reach  a consensus  on  the  key 
issues  of  prior  consent,  program  content  and  spillover,  the 
foundation  for  compromise  seems  to  be  present,  and  an  effective 
accommodation  of  the  competing  interests  upon  that  foundation 
should  bring  to  fruition  attempts  to  establish  preliminary 
international  regulatory  structures  to  direct  the  development 
of  direct  broadcast  technology. 

Negotiations  in  the  Working  Group  and  the  Legal  Sub- 
committee have  failed  thus  far  to  reach  agreement  on  the  key 
questions  of  prior  consent,  program  content,  spillover  and 
equal  access, and  the  resolution  of  these  points  of  conflict 
would  make  possible  the  establishment  of  a consensus  on  a 
full  range  of  general  principles  to  guide  ihe  development  of 
direct  broadcast  technology.  The  evolution  of  national 


250 


-109- 


positions  during  the  fifth  session  of  the  Working  Group  and  the 
fourteenth  and  fifteenth  meetings  of  the  Legal  Sub-Committee 
suggests  that  agreement  will  be  reached  in  the  next  few  years 
on  a set  of  principles  designed  to  protect  the  interests  of 
those  states  concerned  with  direct  broadcasting's  potential 
for  abuse  without  imposing  undue  restriction  on,  and  consequently 
delaying,  the  development  and  operational  implementation  of 
the  technology.  The  discussion  below  projects  probable  bases 
for  compromise  derived  as  a result  of  examination  of  the  key 
points  of  conflict  remaining  after  the  May  1976  session  of  the 
Legal  Sub-Committee. 

1 . Limited  Prtor  Consent 

The  growing  pressure  for  protection  against  real  or 
imagined  abuses  of  the  technology  suggests  that  the  final 
declaration  of  principles  probably  will  center  around  a 
provision  which  would  permit  direct  broadcasting  only  when  the 
receiving  state  has  given  its  express  consent.  Nearly  every 
proposal  before  the  Working  Group  and  the  Legal  Sub-Committee 
has  recommended  the  establishment  of  a prior  consent  regime, 
and  the  United  States  has  been  the  only  major  dissenter. 

Three  main  arguments  have  been  raised  against  the  adoption 
of  a prior  consent  rule.  First,  prior  consent  is  said  to 
abrogate  the  principle  of  the  free  flow  of  information  embodied 
in  the  Universal  Declaration  of  Human  Rights  and  other  inter- 
national instruments . However,  the  principle,  even  if 

established  as  binding  upon  all  nations,  is  not  absolute.  In 
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the  International  Covenant  on  Civil  and  Political  Rights,  for 
example,  Article  19(2)  delineates  the  free  flow  principle.  In 
the  third  paragraph  of  that  article,  however,  certain  restric- 
tions are  permitted,  including  those  for  the  preservation  of 
the  rights  and  reputation  of  others,  and  the  protection  of 
the  national  security,  the  public  order,  and  public  health 
and  morals.  Also  imposing  limits  on  the  free  flow  principle, 
Article  20  provides: 

1.  Any  propaganda  for  war  shall  be  prohibited 
by  law. 

2.  Any  advocacy  of  national,  racial  or  religious 
hatred  that  constitutes  incitement  to  dis- 
crimination, hostility  or  violence  shall  be 
prohibited  by  law. 

Thus,  the  argument  that  the  principle  of  free  flow  of  informa- 
tion would  be  improperly  abrogated  by  a principle  granting 
a receiving  state  a right  of  prior  consent  may  exaggerate  the 
scope  and  legal  significance  of  the  principle.  A better 

approach  would  be  to  provide  for  a flexible  balance  with 

. . • ■ , 108 
other  principles. 

The  second  major  argument  against  the  prior  consent 
principle  is  that  any  restrictive  regulation  is,  for  the 
near  future  at  least,  premature.  The  problems  likely  tc 
arise  with  the  use  of  direct  satellite  broadcasting  cannot 
be  effectively  evaluated  at  this  time,  first,  because  the 
necessary  technology  is  not  yet  adequately  developed,  and 
second,  because  no  country  has  concrete  plans  to  deploy  an 
operational  system  capable  of  broadcasting  directly  to 
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unaugmented  receivers.  That  argument  could  be  allayed 
significantly  by  the  decision  to  approve  a declaration  of 
principles  rather  than  a binding  treaty. 

Another  argument  against  prior  consent  is  that  although 
such  a rule  would  dispel  fears  of  intrusive  transmissions, 
it  could  also  frustrate  the  development  of  direct  broadcasting 
technology . Rejection  of  prior  consent,  however,  seems 
equally  likely  to  hinder  rather  than  promote  technological 
development. ***  The  United  States,  for  example,  is  interested 
primarily  in  broadcasting  by  commercial  entities.  If  these 
entities  intend  to  broadcast  normal  commercial  programming 
based  on  advertising,  most  receiving  states  seem  unlikely  to 
take  the  steps  necessary  to  make  direct  broadcasting  commer- 
cially feasible,  especially  by  encouraging  production  and 
installation  of  augmented  receivers.  If  these  elements  are 
absent,  direct  broadcasting  based  on  commercial  programming 
would  remain  unprofitable  for  some  time.  If,  on  the  other 
hand,  broadcasters  would  provide  only  educational  programming, 
direct  breadcasting  could  become  profitable,  but  only  under 
contract  with  the  receiving  state.  In  that  case,  however, 
the  receiving  state  would  undoubtedly  insist  on  some  control 
with  respect  to  frequencies  used,  broadcasting  time,  and  at 
least  to  some  extent,  over  the  nature  of  the  programming. 

By  accepting  a prior  consent  rule,  the  United  States 
could  expect  to  derive  important  benefits,  including  the 
creation  of  an  atmosphere  conducive  to  early  widespread 
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implcmentation  of  operational  direct  broadcasting.  The 

establishment  of  such  a rule  would  facilitate  bilateral  and 

multilateral  exchanges  leading  eventually  to  the  creation  of 

112 

regional  organizations  for  satellite  broadcasting.  In 

addition,  the  United  States  could  expect  to  gain  support  from 

those  countries  which  traditionally  support  the  free  flow  of 

information,  but  which  have  advocated  a prior  consent  rule  to 

prevent  the  imposition  of  one  country's  values  on  others  through 

113 

direct  broadcasting.  Finally,  rapid  implementation  would 

maximize  the  benefits  the  United  States  expects  to  derive  from 
the  export  of  direct  broadcasting  hardware  and  technical 
assistance. 

The  acceptability  of  a prior  consent  regime  to  proponents 

of  the  free  flow  principle  is  also  dependent  upon  the  content 

of  other  components  of  the  legal  regime.  The  Soviet  Union, 

for  example,  has  consistently  tied  its  prior  consent  proposal 

114 

to  principles  limiting  program  content.  The  Swedish-Canadian 

proposals  have  omitted  any  mention  of  program  content,  preferring 
to  leave  any  limitations  to  specific  agreements  between  the 
broadcasting  and  receiving  states  Since  the  negotiations 

necessary  for  a prior  consent  regime  would  probably  give  the 
receiving  state  some  control  over  content,  the  Swedish-Canadian 
approach  seems  likely  to  prevail,  because  it  gives  a.!"quate 
protection  against  offensive  programming,  while  avoiding  the 
difficult  and  excessively  time-consuming  process  of  negotiating 
a set  of  limits  on  program  content  which  would  be  both  effective 
and  universally  acceptable. 
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The  Swedish-Canadian  prior  consent  rule  has,  however, 

been  criticized  as  giving  inadequate  protection  to  the  free 

flow  of  information,  because  it  fails  to  place  adequate  limits 

on  the  receiving  state's  right  to  deny  its  consent.  As  presently 

drafted,  the  joint  proposal  would  apparently  permit  the 

receiving  state  to  withhold  its  consent  arbitrarily  and  without 

any  obligation  to  consider  the  principle  of  free  flow  of 
X X 6 

information.  In  addition,  the  Swedish-Canadian  recommen- 

dations seem  to  permit  the  receiving  state  to  withhold  its 
consent  on  a program-by-program  basis.  Such  an  extensive  right 
of  review  would  permit  prior  restraint  on  free  speech  and 
would,  by  permitting  official  examination  of  each  program, 

unnecessarily  burden  the  flow  of  information  across  national 

. , 117 

borders . 

Two  sets  of  limitations  on  a strict  prior  consent  rule 

will  probably  result  from  the  pressure  to  preserve  an  atmosphere 

conducive  to  technological  progress.  First,  where  the  broadcast 

signal  is  not  actually  receivable  in  the  receiving  state  with 

X X 8 

available  equipment,  consent  is  not  likely  to  be  required. 

Second,  the  negative  effects  on  the  free  flow  of  information 
of  an  unlimited  consent  requirement  could  be  mitigated  by 
tailoring  the  requirement  closely  to  the  optimum  balance  between 
the  free  flow  of  information  and  the  purposes  for  conditioning 
the  right  to  broadcast  on  the  receiving  state's  consent.  The 
1972  UNESCO  declaration  on  guiding  principles  for  direct  broad- 
casting distinguishes  among  four  main  categories  of  programming, 
and  recommends  basic  principles  for  each  type.  Article  V(l) 
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declares  that  the  main  objective  of  direct  broadcasting  with 

respect  to  the  free  flow  of  information  is  "to  ensure  the  widest 

possible  dissemination  among  the  peoples  of  the  world,  of 

119 

news  of  all  countries,  developed  and  developing  alike. 

The  second  paragraph  of  Article  V imposes  no  requirement  on 
news  broadcasts  other  than  to  make  every  effort  to  ensure 
factual  accuracy  and  to  identify  the  source  of  the  news 
broadcast  and,  where  appropriate,  of  particular  news  items. 

In  the  case  of  direct  broadcast  news  programming,  the  receiving 
state's  right  to  consent  will  be  limited  to  the  right  to 
demand  assurances  of  the  factual  accuracy  and  identification 
of  news  sources. 

Article  VI  of  the  UNESCO  declaration  establishes  the  right 

of  the  receiving  state  to  determine  the  content  of  educational 

programming  broadcast  via  satellite  to  its  people  and,  in 

cases  where  such  programming  is  produced  in  conjunction  with 

other  countries,  to  take  part  in  the  planning  and  production 

121 

on  an  equal  footing.  The  receiving  state's  interest  in 

preventing  propagandistic  or  otherwise  offensive  programming  is 
strongest  with  respect  to  educational  programming.  In  that 
area,  receiving  states  will  probably  secure  a relatively 
unrestrained  right  to  deny  their  consent. 

The  interest  of  the  receiving  state  is  somewhat  weaker 
in  the  case  of  cultural  programs,  including  artistic  performances 
and  sporting  events.  In  such  cases,  the  UNESCO  declaration 
called  for  a balance  between  the  enrichment  of  all  cultures 
through  cultural  exchange,  while  respecting  the  values  of  each 


256 


-115- 


culture  and  the  right  of  all  peoples  to  preserve  their  cultures 
as  part  of  the  "common  heritage  of  mankind."  Debates  in  the 
Legal  Sub-Committee  suggest  the  evolution  of  a consensus  on  a 
provision  permitting  the  receiving  state  to  deny  its  consent 
to  cultural  programming  only  where  it  can  demonstrate  that  sub- 
stantial harm  to  its  own  culture  would  result  from  transmission 

123 

of  the  challenged  program. 

The  final  programming  category  delineated  by  the  UNESCO 
declaration  related  to  commercial  advertising.  Implicitly 
recognizing  the  potentially  disruptive  influence  of  consumer- 
oriented  advertising  originating  in  more  advanced  societies, 
the  UNESCO  declaration  called  upon  the  broadcasting  state  to  reach 
a specific  agreement  with  the  receiving  state  prior  to  the  trans- 
mission of  commercial  advertising . Since  advertising  is  one 
of  the  programming  areas  most  threatening  to  less  developed 
states,  and  since  the  free  exchange  of  advertising  is  less 
essential  to  values  underlying  the  free  flow  of  information  than 
other  types  of  programming,  1 the  establishment  of  a relatively 
unrestricted  right  of  the  receiving  state  to  deny  its  consent 
appears  probable.  The  inclusion  of  a principle  giving  the  receiv- 
ing state  the  right  to  deny  its  consent-subject  to  the  conditions 
described  above- -to  direct  satellite  broadcasts  would  provide 
an  optimum  balance  between  legitimate  interests  in  both  the  free 
flow  of  information  and  national  political  and  cultural  integrity. 
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2.  S_£it  lover 

Another  criticism  of  the  prior  consent  rule  is  that  it 
would  interfere  with  direct  broadcasting  by  giving  the  right  to 
deny  consent  not  only  to  the  intended  receiving  state,  but  also 
to  any  neighboring  state  inadvertently  irradiated  by  the  satellite. 127 
Initially,  spillover  is  not  likely  to  be  a major  source  of  fric- 
tion because  the  first  direct  broadcast  systems  will  probably 
be  national  systems  in  large,  underdeveloped  countries,  followed 

shortly  by  regional  systems  based  on  regional  linguistic  and  cultural 
128 

similarities . 

Once  spillover  becomes  a source  of  conflict,  however,  the 

undesirable  effects  could  be  limited  through  the  exercise  of  control 

by  the  government  of  the  receiving  state  over  community  receivers. 

That  solution,  however,  carries  several  undesirable  consequences. 

First,  the  cost  of  avoiding  the  effects  of  spillover  would  be 

129 

borne  entirely  by  the  receiving  state.  The  costs  include  not 

only  the  financial  cost,  but  also  the  political  costs  of  appearing 
to  impose  censoiship  for  the  benefit  of  the  government.  Second, 
government  control  of  receivers  would  tend  to  subjugate  freedom  of 
information  to  direct  and  indirect  assertions  of  national  security 
interests . 

The  Legal  Sub-Committee  is  more  likely  to  place  the  burden  of 
reducing  spillover  on  the  broadcasting  state,  thereby  providing 
some  protection  to  the  spillover  states,  while  reducing  the  incen- 
tive for  receiving  states  to  exert  international  political  pressure 
for  broader  restrictions.  The  growing  consensus  is  based  primarily 
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on  Article  7,  S428A  of  ":he  Radio  Regulations  adopted  by  the  ITU 

at  its  1971  convention.  Paragraph  428A  requires  the  broadcasting 

state  to  reduce  spillover  to  the  maximum  extent  practicable  unless 

a prior  agreement  has  been  reached  between  the  broadcasting  state 

1 31 

and  the  states  receiving  spillover.  Building  on  that  founda- 
tion, the  Swedish* Canadian  proposal  to  the  fourth  and  fifth 
sessions  of  the  Working  Group  provided  that  the  right  of  consent 
shall  apply  in  those  cases: 

(a)  where  coverage  of  the  territory  of  a foreign 
State  entails  radiation  of  the  satellite  signal  beyond 
the  limits  considered  technically  unavoidable  under  the 
Radio  Regulations  of  the  International  Telecommunication 
Union  or 

(b)  where  notwithstanding  the  technical  unavoid- 
ability  of  spill-over  to  the  territory  of  a foreign 
State,  the  satellite  broadcast  is  aimed  specifically  at 
an  audience  in  that  State  within  the  area  of  spill-  < 
over  . . . .132 

The  Legal  Sub-Committee  could  yield  to  pressure  by  the  United 
States  to  extend  the  Swedish-Canadian  proposal  so  th»t  the  limited 
prior  consent  rule  as  described  above  would  apply  in  all  cases 
except  where: 

1)  the  elimination  of  spillover  is  considered  technically 
impossible  under  the  present  state  of  the  art,  as  deter- 
mined in  accord  with  the  ITU  Radio  Regulations; 

2)  the  direct  broadcast  system  is  entirely  domestic  in 


character;  or 

3)  the  broadcast,  although  irradiating  a part  of  the 

complaining  state’s  territory,  is  not  actually  receivable 

using  standard  or  easily  augmented  receivers  readily 

available  in  the  area  irradiated.  r®IGlNAI»  PAGE  & 
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A second  paragraph  would  restore  the  right  to  deny  consent  wnere 
the  spillover  broadcast  was  aimed  specifically  at  an  audience 
within  the  receiving  state.  A third  paragraph  taken  from  the 
Soviet  draft  declaration  submitted  to  the  fifth  session  of  the 
Working  Group  could  be  added  to  the  spillover  article  to  ensure 
that  international  cooperation  and  consultation  will  govern  the 
relations  between  broadcasting  and  receiving  states  with  regard 
to  spillover: 


1.  If  any  State  has  reason  to  believe  that  activi- 
ties connected  with  direct  television  broadcasting 
planned  by  that  State  will  cause  potentially  harmful 
interference  to  other  States  or  will  lead  to  uninten- 
tional radiation  of  their  territory,  it  shall  hold 
appropriate  consultations  before  undertaking  such 
activities . 

2.  If  a State  has  reason  to  believe  that  uninten- 
tional radiation  of  its  territory  will  occur  as  a 
result  of  direct  television  broadcasts  by  another 
State,  it  may  request  that  appropriate  consultations 
be  held.  If,  as  a result  of  such  unintentional  radia- 
tion, foreign  programmes  can  be  received  in  the 
territory  of  a State  by  ordinary  receivers  or  by 
receivers  fitted  with  simple  additional  devices,  the 
broadcasting  State  shall  immediately  enter  into  con- 
sultations with  the  former  State  on  its  request 
regarding  the  content  of  the  programmes  received. 


Partiai£a tion  or  E^ual  Aoce^s 

A further  controversial  issue  is  the  question  whether 
receiving  states  should  participate  in  the  use  of  direct  broadcast 
systems.  The  1972  UNESCO  declaration  of  principles  for  direct 
broadcasting  set  forth  the  right  of  the  receiving  state  to 
participate  on  an  equal  footing  with  any  other  state  in  the  pro- 
duction of  educational  programming  aestined  for  the  receiving 
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state.  The  Swedish-Canadian  draft  declaration  submitted  to  the 

i 

) fifth  session  of  the  Working  Group  went  further,  giving  the 

l 

f 

■ receiving  stat6  not  only  the  right  to  deny  its  consent  to  satellite 

5 

broadcasting,  but  also  to  participate  in  activities  related  to 

i 135 

j programming  broadcast  into  its  territory.  It  has  further  been 
| proposed  that  all  states  receiving  broadcasts  should  have  the  right- - 

j in  law  and  in  fact--to  have  access  to  the  system  on  an  equal  foot- 

ing, including  the  rights  of  access  to  transmitters  and  to  suffi- 
cient international  assistance  to  enable  those  states  to  make 
meaningful  use  of  the  access  rights.*36 

Both  the  UNESCO  and  Swedish-Canadian  participation  principles 
are  intended  to  enhance  the  receiving  state’s  ability  to  influence 
the  programming  broadcast  to  its  citizens.  In  Article  VI  (2), 
the  UNESCO  version  gives  the  receiving  state  the  right  to  parti- 
cipate on  an  equa!  footing  in  the  planning  and  production  of  pro- 
gramming, but  only  as  an  adjunct  to  the  provision  proclaiming  the 

right  of  the  receiving  state  to  determine  the  content  of  educational 
137 

programming.  Ry  including  its  participation  provision  in  the 

general  prior  consent  paragraph,  the  Swedish-Canadian  draft 

declaration  extends  the  right  to  participate  to  encompass  all  types 

138 

of  programming  and  all  stages  of  programming  activities. 

The  inclusion  of  a right  of  participation  for  the  purpose  of 
ensuring  the  receiving  state’s  power  to  affect  the  content  of 
broadcasts  beamed  to  it  would  alter  the  balance  in  favor  of  those 
interests  demanding  that  the  receiving  states'  cultural  and  politi- 
cal integrity  be  protected  against  the  intrusion  of  unwanted  foreign 
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broadcasting  over  the  interests  in  realizing  the  benefits  of  direct 
broadcasting  through  operational  use.  As  a result,  operational 
application  would  probably  be  delayed  substantially. 

A second  rationale  advanced  for  inclusion  in  the  proposed 
declaration  of  a principle  permitting  the  receiving  state  to  parti- 
cipate in  direct  broadcasting  over  its  territory  is  to  give  effect 

130 

to  the  principle  of  free  flow  of  information.  ' On  numerous 
occasions,  potential  broadcasting  states,  particularly  the  United 
States,  have  based  their  arguments  supporting  an  unrestrictive 
regulatory  scheme  for  direct  broadcasting  at  least  partially  on 
the  contention  that  a restrictive  regime  would  inhibit  the  free 
flow  of  information.*^® 

Sound  policy  considerations  support  the  integration  of  the 
free  flow  principle  into  the  structure  of  legal  principles  to 
govern  direct  broadcasting.  At  present,  the  two  most  important 
requirements  for  effective  development  of  satellite  commui.xcation 
technology  for  operational  use  are,  first,  the  uninhibited  exchange 
and  testing  of  information  and  ideas,  and  second,  the  assurance 
that  the  value  of  investments  in  development  will  not  be  nulli- 
fied by  the  imposition  of  unnecessarily  restrictive  regulations 
upon  innovative  systems.  A legal  structure  designed  to  promote 
rather  than  inhibit  the  free  flow  of  information  will  encourage 
designers  and  planners  to  explore  the  potential  uses  and  benefits 
of  recent  technical  advances. 
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Viewed  pragmatically,  however,  the  principle  of  free  flow 
of  information  is  reduced  to  a fiction  unless  it  is  coupled  with 
a second  principle  calling  upon  the  international  community  to 
promote  development  of  satellites  and  ground  facilities  in  such  a 
way  as  to  facilitate  access  to  transmitter  and  program  production 
facilities  by  any  state  willing  to  contribute  to  development  and 
operating  costs.  In  the  absence  of  an  equal  access  clause, 
free  flow  of  information  would  probably  mean  a unidirectional 
flow  from  the  more  developed  countries  to  the  less  developed.  The 
principle  of  free  flow  opposes  not  only  unnecessary  limitations  on 
the  influx  of  information  from  abroad,  but  also  monopolization 
of  a medium  for  ideological  purposes. That  potential  imbalance 
is  the  source  of  the  fears  of  cultural  and  economic  imperialism 
expressed  by  potential  receiving  states,  with  detrimental  effects 
for  both  international  cooperation  and  technology  development. 

The  inclusion  of  an  equal  access  provision,  however,  would  both 
allay  those  fears  and  set  in  motion  a search  for  means  to  achieve 
the  goal  of  equal  access  without  sacrificing  the  interests  of  the 
broadcasting  states. 

Although  an  equal  access  principle  is  likely  to  be  included 
in  a declaration  of  principles,  the  lack  of  certainty  regarding 
the  circumstances  under  which  operational  direct  broadcasting 
will  be  conducted  makes  necessary  a particularly  careful  choice 
of  language  to  avoid  interference  with  the  balance  of  interests 


pAG® 


Of.  f°°B 


263  . 


-12?- 


established  in  the  preceding  discussions  of  the  prior  consent 
and  spillover  provisions.  The  form  of  the  final  participation 
provision  probably  will  parallel  the  principle  presented  by  the 
United  States  in  its  draft  declaration  submitted  to  the  fifth 
session  of  the  Working  Group.  This  draft  entitles  every  state 
to  share  in  the  benefits  of  direct  broadcasting  and  provides 
further  that  such  sharing  "should  increasingly  include,  as  prac- 
tical difficulties  are  overcome,  opportunities  for  access  to 
the  use  of  [direct  broadcasting]  technology  for  the  purpose  of 
sending  as  well  as  receiving  broadcasts."  As  this  right 
of  access  becomes  available  from  a practical  standpoint,  alloca- 
tion of  transponder  time  should  be  made  available  on  a non-dis- 
criminatory  basis. 

Presumably,  a receiving  state  would  exercise  its  right  to 
obtain  transponder  time  on  a non-discriminatory  basis  at  least 
initially  for  the  purpose  of  transmitting  its  own  programming 
to  its  own  citizens.  Self-sufficiency  in  that  sense  is  desirable, 
and  broadcasting  states  should  be  encouraged  . rovide  the  tech- 
nical assistance  necessary  to  achieve  that  goal.  To  impose  an 
obligation  to  provide  such  assistance  is,  1 owever,  unnecessary 
since  investment  in  technical  assistance  would  provide  a two- 
fold return.  First,  increased  interest  in  direct  broadcasting 
systems  would  accelerate  demand  for  the  exportation  of  the 
necessary  technical  equipment  and  software  expertise  from  the 
broadcasting  states.  Second,  an  increasing  right  of  partici- 
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pation  would  create  a greater  community  of  interests  between 
broadcasting  and  receiving  states,  with  the  result  that  the 
latter  would  promote  rather  than  inhibit  the  operational  appli- 
cation of  direct  broadcast  technology. 
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11.  IMPLICATIONS  OF  THE  CPUOS  DEBATES  ON  EARTH  RESOURCES 
SATELLITES  FOR  SPACE  INDUSTRIALIZATION 

The  second  set  of  current  activities  which  is  likely  to 
influence  the  future  development  of  international  space  law 
centers  around  the  CPUOS  debates  relating  to  international  principles 
to  govern  the  use  of  earth  resources  satellites.  Consideration 
of  the  earth  resources  satellite  issue  began  with  the  establish- 
ment of  the  Working  Group  on  Remote  Sensing  of  the  Earth  by  Satel- 
lites.1 The  CPUOS  Legal  Sub-Committee  devoted  a small  portion 

2 

of  its  1977  session  to  a preliminary  review  of  relevant  issues. 

Since  then  satellite  remote  sensing  has  had  significant  attention 
in  each  subcommittee  session. 

A.  Main  positions 

During  the  evolution  of  the  satellite  remote  sensing  debates, 
three  major  blocs  have  emerged.  The  main  tenets  of  each  posi- 
tion are  represented  in  a series  of  three  proposals  for  interna- 
tional guidelines  for  the  use  of  earth  resources  satellite  tech- 
nology. 

2.  Argentina  and  Brazil : Tr£ati£  on  Remote  Sensing 

o£  Natural  ftgeourges  friy  Means  of  Sgace  Teahnol^ojjji, 

Dra£t  Basi_c 

At  the  1974  session  of  the  General  Assembly,  the 
delegations  of  Argentina  and  Brazil  jointly  submitted  a draft 
treaty  to  govern  satellite  remote  sensing.3  The  draft  is  now 
co-sponsored  and  strongly  supported  in  all  of  its  provisions 
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by  each  of  the  other  Latin  American  delegations  represented  on 
CPUOS:  Mexico,  Venezuela  and  Chile.  Although  a number  of 

delegations  privately  express  support  for  the  Latin  American 
submission,  only  the  Latin  American  delegations  have  argued 
directly  for  adoption  of  the  draft  treaty. 

The  tone  of  the  draft  is  established  in  its  preamble,  where 
it  refers  both  to  consequences  of  the  implementation  of  remote 
sensing  technology  "which  create  legal  problems  that  require  an 
immediate  and  equitable  solution  in  the  framework  of  a general 
treaty  ..."  and  to  the  concept  of  permanent  sovereignty  over 
natural  resources,  which  allegedly  gives  a state  the  sovereign 
right  to  control  not  only  the  natural  resources  located  within  its 

territory,  but  information  regarding  those  resources  as  well.  The 
need  for  a binding  international  legal  framework  is  a recurrent 
theme  in  formal  speeches  and  private  conversations  not  only 
among  the  Latin  American  delegations,  but  among  the  Third  World 
and  Soviet  bloc  delegations  as  well. 

The  Latin  American  draft  treaty  proposes  in  Article  V to 
implement  the  alleged  rights  of  permanent  sovereignty  over  natural 
resources  by  imposing  a duty  on  any  state  engaged  in  earth  resources 
satellite  activities  to  refrain  from  gathering  data  from  the  terri- 
tory of  any  state  which  had  not  consented.  In  addition,  Article  IX 
would  prohibit  any  state  obtaining  information  regarding  the 
natural  resources  of  another  state  through  satellite  remote 
sensing  from  conveying  such  information  in  any  manner  "to  a third 
state,  international  organization  or  private  entity , without 
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the  express  consent  of  the  [state]  to  which  the  natural  resources 
belong  . . If  entered  into  force,  these  prohibitions  would  be 

strengthened  by  Article  XIII  which  contains  a provision  similar 
to  that  in  Article  VI  of  the  1967  Outer  Space  Treaty4  imposing 
on  each  state  the  responsibility  to  ensure  the  compliance  of  its 
nationals,  including  commercial  entities,  with  established 
rules  of  international  law.  Article  VI  of  the  Latin  American 
proposal  would  permit  a party  to  the  draft  treaty  to  take  all 
measures  authorized  by  international  law  to  protect  its  territory 
against  any  unauthorized  surveillance.  Both  prohibitions  could 
interfere  with  the  provision  of  commercial  earth  resources 
services . 


If  one  party  to  the  proposed  treaty  authorized  another  to 
gather  information  regarding  the  former’s  natural  resources,  the 
draf4;  treaty  would  provide  the  former  with  specified  benefits. 

In  exchange  for  its  consent,  Article  VII  would  entitle  the 
surveilled  state  to  participate  in  the  satellite  remote  sensing 
activities  of  the  state  granted  consent  on  the  basis  of  arrange- 
ments made  during  negotiation  of  consent,  except  that  as  a minimum 
such  arrangements  must  include  a guarantee  that  the  sensing  state 
will  provide  technical  assistance  to  the  consenting  surveilled 
state.  In  addition,  once  the  latter  has  given  its  consent, 

Article  VIII  of  the  draft  would  give  it  the  right  to  full  and 
unrestricted  access  to  "all  data  obtained  through  those  activities." 


That  provision  does  not  specify  whether  or  not  "all  data"  is 
limited  to  data  related  to  the  surveilled  state’s  territory. 
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However,  such  an  interpretation  seems  correct,  in  light  of  draft 
Article  IX,  which  would  prohibit  the  sensing  state  f *om  distri- 
buting any  earth  resources  data  it  had  gathered  relating  to  the 
territory  of  another  state  without  the  express  consent  of  the 
surveilled  state. 

In  summary,  the  Argentine-Brazilian  Draft  Treaty  would: 

1.  impose  legally  binding  obligations  under  international 
law; 

2.  subject  satellite  remote  sensing  activities  to  the 
prior  consent  of  the  sensed  state; 

3.  subject  data  dissemination  activities  to  the  prior 
consent  of  the  sensed  state;  and 

4.  require  participation  and  broad-scale  technical  assis- 
tance as  consideration  for  the  consent  of  the  sensed 
state . 


2.  Franc_e  and  the  Soviet  Unions  Dvajt_ 

Gojiejmirui  of  SUxtejs  in  th_e  Fiel_d  o£  Remcrte 

Sen^irui  o£  Earth  H££ource_s  bi y Means  of_  S^ac^e  T^chnolo^ji 


The  second  proposal  currently  before  the  Committee  on 
the  Peaceful  Uses  of  Outer  Space  was  presented  jointly  by  the 
Soviet  and  French  delegations  in  May  1974. ^ At  present,  the 
Soviet  French  draft  declaration  enjoys  monolithic  support  from 
the  Eastern  European  members  of  the  committee:  Bulgaria, 

Czechoslovakia,  the  German  Democratic  Republic,  Hungary,  Poland, 
and  Romania.  In  addition,  the  proposal  shares  with  the  Latin 
American  draft  treaty  the  support  of  a number  of  non-aligned  and 
Third  World  countries  including  Egypt,  Iran,  Chad,  Mongolia  and 
Nigeria. 
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The  theoretical  underpinning  of  the  Soviet-Trench  draft 
resembles  that  of  the  Latin  American  approach,  but  differing 
interests  have  created  some  important  divergences. 

After  restating  the  principles  in  Article  I and  III  of 

the  Outer  Space  Treaty  relating  to  free  use  of  outer  space  and 

compliance  with  international  law  and  the  United  Nations  Charter, 

the  Soviet-French  draft  calls  upon  sensing  states  to  respect 

in  particular  the  principles  of  sovereignty,  placing  special 

emphasis  on  the  right  of  a state  to  exercise  permanr*  ..  sovereignty 

over  natural  resources  as  a basic  element  of  self-  >vermin  tion. 

However,  rather  than  applying  strict  prior  consent  provisions 

like  that  contained  in  the  draft  treaty  to  the  gathering  of  earth 

resources  data  by  satellite,  the  Soviet  - French  proposal  would 

implement  the  concept  of  permanent  sovereignty  over  natural 

resources  primarily  by  granting  the  surveilled  state  the  right 

to  deny  its  consent  to  dissemination  of  information  related  to 

its  resources  to  any  private  party,  international  organization, 

or  other  government,  or  using  the  data  in  any  other  manner  detri- 

7 

mental  to  the  interests  of  the  surveilled  state.  An  exception 
would  permit  the  sensing  state  to  make  public  without  the  consent 
of  the  surveilled  state  information  relating  to  natural  disasters 

g 

or  phenomena  detrimental  to  the  general  environment. 

In  other  respects,  the  draft  declaration  is  similar  to  the 
Latin  American  proposal.  Article  4 would  require  the  sensing 
state  to  relay  data  regarding  the  territory  of  another  state 
to  the  latter  on  mutually  agreeable  terms.  In  addition,  the 
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surveilled  state  would  be  granted  the  right  to  participate  in  the 
remote  sensing  activities  of  the  sensing  state  on  the  basis  of 
a consensus  between  the  two  states.9  Finally,  the  Soviet-French 
proposal  would  permit  any  state  to  receive  and  process  on  the 
basis  of  equality  and  on  mutually  acceptable  terms  earth  resources 
satellite  information  relating  to  territory  outside  the  juris- 
diction of  any  state. 

The  primary  reason  for  the  Soviet  Union’s  opposition  tc  a 
prior  consent  regime  with  respect  to  data  acquisition  is  that  it 
intends  to  expand  its  activities  in  the  field  of  remote  sensing 
and  does  not  wish  to  be  limited  by  restrictive  principles  or 
treaty  provisions.  At  the  1977  session  of  the  CPUOS  Scientific 
and  Technical  Sub-Committee,  the  Soviet  delegation  made  numerous 
references  to  Soviet  activities  in  the  area  of  satellite  remote 
sensing.  The  Soviet  Union  has  attempted  privately  to  per- 
suade the  United  States  to  accept  prior  consent  with  regard  to 
data  dissemination  in  order  to  ensure  ultimate  adoption  of  an 
international  regime  which  would  not  limit  data  acquisition 
activities . 

The  Soviet  position  on  the  question  of  commercial  imple- 
mentation of  the  technology  should  be  carefully  monitored,  since 
the  Soviets  currently  consider  the  sale  of  earth  resources  data 
and  services  to  be  inappropriate.  Although  it  is  possible  that 
Soviet  opposition  is  based  solely  on  its  argument  that  no  legal 
basis  currently  exists  for  the  sale  of  those  items,  a more 
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credible  explanation  is  ideological  resistance  to  "capitalist 
enterprise."  In  the  CPUOS  debates  on  direct  broadcast  satellites, 
the  Soviets  have  proposed  that  activities  by  non-governmental 
entities  be  prohibited. 

If  adopted,  the  Soviet-French  draft  declaration  would: 

1.  not  in  itself  impose  legally  binding  obligations  on 
members  of  the  international  community; 

2.  permit  data  acquisition  via  satellite  in  the  absence 
of  the  prior  consent  of  the  sensed  state; 

3.  subject  data  dissemination  to  the  prior  consent  of 
the  sensed  state:  and 

4.  place  participation  of  the  sensed  state  in  the  earth 
resources  satellite  program  of  the  sensing  state  on 
a contractual  basis  between  the  two  states. 


3.  Unijbe_d  S_tate_sj_  Ranurte  Serisiji^.  °L  Natural 

o£_  the  E_arth  from  Outer  Space,  WorJHnri 
Paper  on  the  De_ve  o£  Ad^itJ^onal  GjH^eTAn^s 

In  the  context  of  these  drafts  the  United  States  issued 
a working  paper  based  on  the  considerations  that  the  optimum 
benefits  from  earth  resources  satellite  technology  will  depend 
on  international  cooperation  and  the  sharing  and  use  of  data 
on  a regional  and  global  basis.11  The  keystone  of  the  working 
paper  is  the  provision  in  Article  I that  remote  sensing  shall  be 
conducted  in 

accordance  with  the  principles  of  the  United  Nations 
Charter,  the  Treaty  on  Principles  Governing  the 
Activities  of  States  in  the  Exploration  and  Use  of 
Outer  Space,  including  the  Moon  and  Other  Celestial 
Bodies,  and  other  generally  accepted  principles  of 
international  law  relating  to  man's  activities  in 
outer  space. 
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The  reference  to  the  1967  Outer  Space  Treaty  is  particularly 
important  in  that  respect,  because  it  provides  the  legal 
foundation  for  the  United  States  delegation's  resistance  to  prior 
consent  in  any  form.  Article  1(2)  of  the  Outer  Space  Treaty 
provides : 

Outer  space,  including  the  moon  and  other  celestial 
bodies,  shall  be  free  for  exploration  and  use  by  all 
States  without  discrimination  of  any  kind,  on  a basis 
of  equality  and  in  accordance  with  international  law, 
and  there  shall  be  free  access  to  all  areas  of 
celestial  bodies. 

The  American  delegation  has  argued  repeatedly,  first,  that  this 
"free  use"  principle  authorizes  all  satellite  remote  sensing 
activities  in  the  areas  above  the  vertical  limits  of  territorial 
sovereignty,  subject  only  to  the  requirement  that  contemplated 
uses  be  peaceful  in  nature,  and  second,  that  a prior  consent 
requirement  would  be  in  direct  conflict  with  the  "free  use" 
principle . 

Building  on  that  foundation,  Article  IV  calls  upon  states 
with  satellite  remote  sensing  programs  to  encourage  the  broadest 
feasible  participation  in  appropriate  phases  of  those  programs. 

In  addition,  Article  V would  require  states  receiving  earth 
resources  data  directly  from  satellites  to  make  that  data  available 
"to  interested  states,  international  organizations,  individuals, 
scientific  communities  and  others  on  an  equitable,  timely  and 
non-discrininatory  basis."  The  same  article  encourages  sensing 
states  to  facilitate  sharing  of  earth  resources  data  by  publishing 
lists  of  publicly  available  data. 
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To  dispel  concerns  about  mineral  or  grain  futures  specula- 
tion based  on  early  reception  of  data,  Article  VI  would  require  a 
sensing  state  to  distribute  any  data  it  acquires  regarding  the 
territory  of  another  state  to  its  government  as  soon  as  practicable, 
and  at  least  as  soon  as  to  any  state  other  than  the  sensing  state. 

In  addition,  sensing  states  would  be  required  under  the  American 
draft  to  facilitate  direct  reception  of  data  from  earth  resources 
satellites  by  other  interested  states  on  equitable  terms,  if 
technically  possible.  Further,  Article  VIII  calls  upon  sensing 
states  "within  their  capabilities  to  endeavor  to  assist  on  an 
equitable  basis"  non-sensing  states  in  understanding  the  tech- 
niques and  benefits  of  satellite  remote  sensing.  Articles  IX  and  X 
encourage  regional  cooperation  as  well  as  assistance  by  internationa 
organizations  for  the  purpose  of  facilitating  operational 
applications  of  earth  resources  satellite  technology. 

Thp  United  States  working  paper  differs  in  several  signifi- 
cant respects  from  the  two  proposals  described  above.  First, 
the  Argentine-Brazilian  submission  is  a draft  treaty  which, 
if  entered  into  force  would  be  legally  binding  upon  the 
signatories.  Although  the  Soviet -French  proposal  was  presented 
in  the  form  of  a draft  declaration,  which  would  be  non-binding 
if  adopted,  a large  number  of  the  delegations  supporting  that 
proposal  have  made  reference  both  publicly  and  privately  to 
the  need  for  a binding  international  instrument,  indicating 
reasonably  strong  support  in  that  bloc  for  a treaty  on  remote 
sensing.  In  cont~ast,  the  United  States  working  paper  takes 
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a much  less  concrete  approach  at  least  from  a legal  perspective, 
offering  instead  "possible  operative  provisions."  The  starkness 
of  the  contrast  is  enhanced  by  the  fact  that  the  main  issue  of 
the  debate  over  the  form  the  final  instrument  should  take  is 
not  whether  it  should  be  a treaty  or  a declaration  of  principles, 
but  rather  whether  a declaration  should  precede  the  treaty 
or  whether  CPUOS  should  draft  a treaty  as  the  initial  step. 

Most  delegations  are  persuaded  that  the  final  instrument  wil* 
be  --  and  ought  to  be  --  a treaty.  The  only  remaining  question 
relates  to  the  presence  or  absence  of  intermediate  steps. 

Second,  the  United  States  working  paper  rejects  by  omission 
the  concept  of  permanent  sovereignty,  at  least  insofar  as  it 
is  said  to  extend  to  the  right  to  restrict  access  even  to 
information  regarding  a state’s  natural  resource.-.  As  a result, 
the  working  "aper  does  not  subject  either  acquisition  or  dissemi- 
nation of  earth  resources  data  to  the  consent  of  the  surveilled 
states.  On  the  contrary,  the  American  draft  promotes  a policy 
of  open  dissemination  of  data.  That  difference  is  important 
in  light  of  the  strength  of  the  support  for  prior  consent  evi- 
denced in  speeches  and  private  remarks  by  representatives  of  the 
members  of  the  Committee  on  the  Peaceful  Uses  of  Outer  Space. 

, Third,  the  working  paper  makes  repeated  reference  to  broad 
> 

international  participation  in  the  remote  sensing  activities 
of  space  pov'ers,  technical  assistance  and  regional  cooperation. 
Although  the  other  drafts  make  some  reference  to  those  principles, 
t;.e  American  proposal  takes  a relatively  strong  position.  The 
reasoning  is  that  the  defeat  of  an  earth  resources  regime 
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based  on  prior  consent  will  only  occur  if  the  United  States  can 
demonstrate  a strong  livelihood  that  substantial  benefits  will 
inure  to  other  countries  if  the  American  proposal  is  adopted. 

Fourth,  the  proposal  submitted  by  the  United  States  would 
not,  liki  the  Latin  American  draft,  impose  international  respon- 
sibility on  each  state  for  the  activities  of  its  nationals.  The 
advantage  of  including  such  a provision  in  the  instrument 
ultimately  adopted  is  that  it  implicitly  recognizes  and  authorizes 
non- governmental  entities,  especially  corporations,  to  conduct 
operations  in  outer  swace.  The  potential  disadvantage  that  the 
government  would  be  responsible  for  enforcing  international 
legal  prohibitions  against  its  own  nationals  is  not  a new 
disadvantage,  since  a similar  clause  appears  in  Article  VI 
of  the  1 9 (» 7 Outer  Space  Treaty.  If  such  a provision  were 
adopted  by  C'PUOS  in  the  context  of  earth  resources  technclogy, 
the  private  sector  would  he  able  to  argue  that  an  international 
‘'onsensus  approving  commercial  satellite  remote  sensing 
activities  lias  been  established,  and  that  domestic  policy 
should  i*c  made  consistent  with  that  consensus. 

In  summary,  the  United  States  position  is  based  on  the 
following  m;.  in  principles: 

1.  no  prior  consent  for  cither  satellite  data 
acquisition  or  data  dissemination; 

2.  open  dissemination  of  data  to  any  customer; 

3.  dissemination  to  sensed  state  as  soon  as  to 
any  other  government ; and 

4.  broad  technical  assistance  and  international 
part icipation. 


276 


-135- 


B.  Current  Status  of  the  Earth  Resources  Satellite  Debate 


During  its  fifteenth  session,  CPUOS  Legal  Sub-Committee 

established  a working  group  on  the  regal  implications  of  remote 

sensing  of  the  earth  from  outer  space.  On  the  basis  of  five 

"common  elements'  derived  from  the  draft  declaration  submitted 

by  the  Argentine,  Brazilian,  Soviet,  French,  and  American 

delegations,  as  well  as  from  views  expressed  during  the  sub- 

1 2 

committee's  fourteenth  session,  “ the  working  group  formulated 
five  draft  principles  applicable  to  satellite  remote  sensing 
during  the  1976  session.  In  addition,  the  working  group 
identified  three  new  common  elements.1’* 

1 . Principle  I 


As  formulated  by  the  Legal  Sub-Committee,  the  first  draft 
principle  provides: 

Remote  sensing  of  [the  natural  resources  of  the 
earth]  [and  its  environment]  from  outer  space  and 
international  co-operation  in  that  field  [shall] 

[should]  be  carried  out  for  Hie  benefit  and  in  the 
interests  of  all  countries  [mankind],  irrespective 
of  their  degree  of  economic  or  sciertific  development, 
and  taking  into  consideration,  in  international  co- 
operation; the  particular  needs  of  the  developing 
countries . 

Principle  I is  based  on  Article  1(1)  of  the  1967 
Outer  Space  Treaty  which  requires  that  the  use  of  outer  space 
be  carried  out  for  the  benefit  and  in  the  interests  of  all 
countries,  irrespective  of  their  degree  of  economic  or  scientific 
development.  The  impact  of  the  draft  principle  on  operational 
implementation  of  remote  sensing  technology  is  dependent  on 
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l he  construction  of  the  parallel  language  in  Article  1.^ 

Some  CPUOS  delegations  have  argued  that  the  treaty  language 
entitles  less  developed  countries  to  enjoy  the  benefits  of 
earth  resources  satellite  technology  even  though  they  are  unable 
to  conduct  independent  space  programs.  If  that  position 
became  generally  accepted,  the  range  of  institutional  arrange- 
ments available  to  the  United  States  for  implementing  a 
national  earth  resources  satellite  system  on  an  operational 
basis  would  be  limited.  In  particular,  the  option  to  provide 
earth  resources  information  services  on  a commercial  basis  would 
be  jeopardized.  because  of  the  potentially  adverse  consequences 
for  both  national  and  international  interests  which  could 
result  from  adoption  of  the  restrictive  interpretation  of 
Article  1 of  the  Outer  Space  Treaty  and  Principle  I of  the 
draft  declaration  on  satellite  remote  sensing,  it  appears  that 
all  states,  including  less  developed  countries,  will  benefit 
most  from  the  combination  of  organizational  and  legal  principles 
which  promote  initiation  of  earth  resources  information  services 
on  an  operational  basis  as  quickly  as  possible  to  the  broadest 
range  of  potential  users.  If  scope  and  quality  of  service 
provides  the  basis  for  international  policy  in  this  area,  the 
restrictive  approach  would  be  dysfunctional.  However,  if 
national  participation  is  considered  by  the  international 
community  to  be  more  important  than  service  characteristics, 
the  interpretation  of  Principle  I urged  by  the  developing 
countries  is  likely  to  be  adopted.  The  latter  approach  is. 
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however,  not  likely  to  be  with  the  near-term  interests  of  the 
entities  which  decide  to  invest  in  the  industrialization  of 
outer  space. 

The  text  of  the  draft  principle  contains  three  sets  of 
bracketed  words.  The  first  pair  was  apparently  inserted  as 
a result  of  the  suggestion  by  the  United  States  delegation 
what  the  scope  of  the  draft,  declaration  be  expanded  from 
natural  resources  to  include  the  entire  natural  environment.^ 
In  light  of  the  possibility  that  the  final  declaration  may  be 
somewhat  restrictive  in  character,  an  expansion  of  the  scope 
of  coverage  has  given  rise  to  some  concern  in  the  private 
sector.  The  second  pair  of  brackets  resulted  from  disagreement 
among  the  CPUOS  delegations  regarding  the  strength  of  the 
declaration  to  be  adopted.  However,  since  the  final  product 
is  likely  to  be  a non  binding  declaration  of  principles,  the 
disagreement  in  this  point  is  not  considered  significant. 

The  proposed  use  of  the  word  "mankind"  rather  than  the 

woi d "countries"  in  the  thi^d  set  of  brackets  may  well  result 

in  increasing  reference  to  the  broader  concept  of  the  "common 

heritage  of  mankind."  This  broader  concept  has  been  embodied 

in  General  Assembly  resolutions  and  negotiations  relating  to 

16 

the  law  of  the  deep  seabed,  as  well  as  to  the  moon  treaty 

1 7 

presently  under  consideration  by  CPUOS,  and  has  been  used  by 
less  developed  countries  to  assure  access  on  an  equitable 
basis  to  the  natural  resources  of  both  areas  regardless  of 
their  ability  to  exploit  them.  A parallel  construction  might 
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enable  a state  to  obtain  satellite-acquired  remote  sensing 
information,  regardless  of  its  ability  to  pay  for  the  information. 
Although  mentioned  here  in  the  context  of  the  remote  sensing 
satellite  debate,  the  notion  that  all  states  should  have  access 
to  the  products  of  space  activities  without  consideration  of 
financial  ability  to  participate  in  these  activities  has 
potentially  adverse  implications  for  all  facets  of  space  indus- 
trialization. In  particular,  adoption  of  the  "common  heritage 
of  mankind"  approach  could  inhibit  commercial  participation  in 
the  development  of  outer  snace. 

2 . Prim:  ip  Ic  II 

The  second  draft  principle  formulated  by  the  working  group 
provides : 

Remote  sensing  of  [the  natural  resources  of  the 
earth]  [and  its  environment]  from  ou- er  space  [shall] 

[should]  be  conducted  in  accordance  with  international 
law,  including  the  Charter  of  the  United  Nations  and 
the  Tioaty  on  Principles  Governing  the  Activities  of 
States  in  the  Pxploration  and  Use  of  Outer  Space, 
including  the  Moon  and  other  Celestial  Bodies. 

The  language  is  consistent  with  and  apparently  based  on  the 

text  of  Article  III  of  the  Outer  Space  Treaty.  In  addition, 

the  text  is  essentially  identical  to  the  text  of  the  second 

common  element  formulated  during  the  Legal  Sub-Committee’s 

fourteenth  session.^  The  two  sets  of  brackets  were  included 

as  a result  of  the  same  general  positions  which  necessitated 

inclusion  of  parallel  bracketed  terms  in  Principle  I. 
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In  its  present  form,  Principle  II  would  not  have  any 
adverse  impact  on  optimum  availability  of  benefits,  unless 
either  general  international  law  or  the  terms  of  a remote 
sensing  declaration  were  deemed  to  include  such  concepts  as 
"prior  consent,"  "the  common  heritage  of  mankind"  and  "permanent 
sovereignty  ever  natural  resources."  To  date  the  United  States 
has  been  consistent  in  its  opposition  to  adoption  of  prior 
consent  principles  with  respect  to  both  acquisition  and  dis- 
semination of  satellite-acquired  data.  The  same  approach 
should  be  taken  with  respect  to  the  concept  of  "permanent 
sovereignty  over  natural  resources,"  which  has  supplied  one 
of  the  main  policy  foundations  for  prior  consent  arguments. 

As  embodied  in  a series  of  General  Assembly  resolutions,  the 
concept  would  give  each  state  the  right  to  control  access  not 

only  to  its  natural  resources  but  to  information  regarding  those 

20 

resources  as  well.  Although  an  examination  of  those  texts 
demonstrates  that  the  concept  has  not  yet  oeen  extended  that 
far,  the  extension  would  be  accomplished  by  adopting  a principle 
similar  to  that  in  a working  paper  submitted  by  Mongolia  during 
the  subcommittee's  fifteenth  session  which  provides. 

States  participating  i.i  remote  sensing  should 
respect  the  principle  of  full  and  permanent  sover- 
eignty of  all  States  and  peoples  over  their  wealth 
and  na+  iral  resources  as  well  as  their  inalienable 
right  to  dispose  of  their  natural  resources  and  of 
information  concerning  those  resources. 21 

Because  of  the  potential  inhibiting  effect  it  could  exert  on 

the  establishment  of  an  operational  earth  resources  satellite 
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system,  the  concept  of  permanent  sovereignty  should  be  limited 
to  its  current  scope.  Oppositipn  to  the  Mongolian  proposal  is 
also  considered  important,  because  such  opposition  would 
undermine  suppr-t  for  the  extreme  prior  consent  proposals.  As 
a result,  compromise  would  be  facilitated  in  other  areas. 

3.  Prrnctpte  JIJ 

As  drafted  by  the  Working  Group  on  Remote  Sensing  at 
the  fifteenth  session  of  the  Legal  Sub-Committee,  Principle 
III  provides: 

1.  States  carrying  out  programmes  for  remote  sensing 
of  [the  natural  resources  of  the  earth]  [and  its 
environment]  from  outer  space  [should]  [shall]  promote 
international  co-operation  in  these  programmes.  To 
this  end,  sensing  States  [should]  [shall]  make  avail- 
able to  other  States  opportunities  for  participation 
in  these  programmes.  Such  participation  should  be 
based  in  each  case  on  equitable  and  mutually  acceptable 
terms  due  regard  being  paid  to  elements  . . . 

2.  In  order  to  maximize  the  availability  of  benefits 
from  such  remote  sensing  data,  States  are  encouraged 
to  consider  agreements  for  the  establishment  of  shared 
regional  facilities.22 

Principle  III  is  based  on  two  common  elements  identified 

by  the  Working  Group  on  Remote  Sensing  during  the  fourteenth 

23 

session  of  the  Legal  Sub-Committee.  According  to  the  session 
report,  the  delegations  agreed: 

1.  that  the  maximum  benefits  to  all  countries  could 
be  obtained  by  international  co-operation  at  all 
levels,  particularly  on  a regional  basis;  and 

2.  that  States  undertaking  programmes  for  remote 
sensing  activities  by  means  of  space  technology  should 
encourage  international  participation.2^ 
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The  texts  of  the  draft  principle  and  the  underlying  common 

elements  raise  the  question  of  the  meaning  of  the  terms 

"cooperation"  and  "participation"  and  the  relationship  between 

the  two.  Article  1(3)  of  the  Outer  Space  Treaty  requires 

states  to  "facilitate  and  encourage  international  co-operation 

in  (scientific)  investigations."  Since  the  term  "co-operation" 

is  not  used  again  in  any  operative  provision  which  relates 

25 

to  activities  in  outer  space,  it  may  be  construed  in  the 
limited  context  of  Article  1(3)  relating  to  scientific  investi- 
gation. Thus,  "co-operation"  is  not  necessarily  mandated, 
except  for  experimental  activities.  The  Outer  Space  Treaty 
does  not  give  any  significant  clue  to  the  meaning  of  "co- 
operation." The  fact  that  Paragraph  1 of  Principle  III  refers 
to  the  promotions  of  "international  co-operation  ini  (the) 
programmes"  of  sensing  states  suggests  that  the  working  group 
equated  "co-operation"  with  "participation."  That  inference 
is  supported  by  the  second  sentence  of  Paragraph  I which 
establishes  "participation"  as  the  most  important  element, 
if  not  the  only  element,  of  "co-operation." 

Actual  foreign  participation  in  programs  conducted  by  the 
United  States  or  its  nationals  would  jeopardize  corporate 
interests.  First,  to  the  extent  that  the  federal  government 
permits  foreign  participation,  the  alternatives  for  interface 
between  the  public  and  private  sectors  are  limited.  If,  for 
example,  tne  federal  government  cooperates  in  the  construction 
of  an  extensive  network  of  readout  stations  for  distribution 
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of  raw  data,  it  cannot  logically  support  commercial  implemen- 
tation. Second,  foreign  participation  in  profit-oriented 
operations  would  both  undermine  the  commercial  basis  and 
jeopardize  United  States  technological  leadership.  Similarly, 
significant  participation  in  United  States  programs  is  likely 
to  result  in  international  pressure  to  limit  providers  of 
data  and  services  to  activities  in  their  own  regions,  thus 
reducing  both  competition  and  the  quality  and  scope  of  services 
available  to  users. 

The  United  States  delegation  is  not  likely  to  support 
deletion  of  the  references  to  participation,  because  it  has 
supported  strong  cooperation  and  participation  as  a means 
of  avoiding  imposition  of  prior  consent  principles.  In  fact, 
the  draft  declaration  submitted  by  the  United  States  delegation 
during  the  thirteenth  session  of  the  Legal  Sub-Committee 
contains  the  provision  that: 

States  undertaking  programmes  designed  for  remote 
sensing  of  the  natural  environment  from  satellites 
shall  encourage  the  broadest  feasible  international  26 
participation  in  appropriate  phases  of  these  programmes. 

Three  alternatives  for  minimizing  these  difficulties 

could  be  considered.  First,  Paragraph  1 of  the  third  principle 

could  be  amended  to  limit  its  scope  to  experimental  activities. 

Second,  the  language  relating  to  participation  could  be  made 

discretionary  rather  than  mandatory,  and  could  be  limited  as 

provided  in  Article  4 of  the  working  paper  submitted  by  the 

United  States  delegation  during  the  thirteenth  session  of  the 
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Legal  Sub-Committee  to  "feasible  participation"  in  "appropriate 
phases"  of  United  States  programs.  Third,  the  paragraph  could 
be  amended  to  limit  the  participation  foreseen  therein  to 
governmental,  as  distinguished  from  commercial,  programs. 

The  language  in  the  final  sentence  of  Paragraph  1 relating 
to  the  terms  of  participation  raises  another  problem  of  construc- 
tion. That  sentence,  which  places  participation  on  the  basis 
of  "equitable  and  mutually  acceptable  terms,"  appears  to  be 
a broadened  version  of  Article  5(a)  of  the  draft  declaration 
submitted  jointly  by  the  Soviet  and  French  delegations  which 
would  have  entitled  any  state  whose  territory  is  affected  by 
the  remote  sensing  activities  of  a second  state  to ^participate 
in  the  latter's  program  on  "equal  and  mutually  acceptable 
terms."  Although  the  phrase  "mutually  acceptable  terms"  appears 
tq  be  a broadened  version  of  Article  5(a)  of  the  draft  declara- 
tion submitted  jointly  by  the  Soviet  and  French  delegations 
which  would  have  entitled  any  state  whose  territory  is  affected 
by  the  remote  sensing  activities  of  a second  state  to  participate 
in  the  latter's  program  on  "equal  and  mutually  acceptable  terms." 
Although  the  phrase  "mutually  acceptable  terms”  appears  to 
provide  a basis  for  commercial  implementation,  questions  of 
interpretation  could  arise,  since  the  source  of  the  provision 
suggests  an  intention  to  place  implementation  on  a non-commercial 
basis.  Further,  the  omission  from  the  draft  principle  of  the 
language  in  the  Soviet-French  draft  which  implicitly  lim1  ; 
participation  to  *L,  ;se  states  affected  by  the  remote  sensing 
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• • 

program  in  question  would  expand  the  scope  of  foreign  partici- 
pation and  hence  exacerbate  the  adverse  consequences  of  such 
participation.  The  most  desirable  solution  to  the  problem 
appears  to  be  to  ensure  that  any  participation  provision  is 
discretionary  in  nature  and  limited  to  those  states  which  are 
significantly  affected  by  the  program  in  which  the  sensed  state 
wishes  to  participate. 

The  impact  of  the  second  paragraph  of  Principle  III  on 
operational  implementation  depends  on  the  organizational  or 
institutional  configurations  selected  for  routine  operations. 

If,  as  suggested  by  CPUOS,  complete  reception  and  data  manage- 
ment facilities  are  to  be  established  in  each  region,  the 
international  market  for  private  sector  services  could  be 
significantly  diminished.  Consequently,  the  regional  facilities 
recommended  in  Paragraph  2 of  Principle  III  should  be  limited 
to  facilities  for  specialized  processing  of  preprocessed  data 
and  distribution  of  information  products. 

4.  PriMoij^e  IV 

The  fourth  draft  principle  formulated  by  cc  orking 
Group  on  Remote  Sensing  provides: 

Remote  sensing  [ >£  the  natural  resourc.  avthj 

[and  its  environment]  from  outer  space  [shot  t .snail] 
promote  the  protection  of  the  natural  environment  of  Che 
earth.  To  this  end  States  participating  in  remote  sensing 
[should]  [shall]  identify  and  make  available  information 
useful  for  the  prevention  of  phenomena  detrimental  to  the 
natural  environment  of  the  earth.27 
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In  its  present  form,  the  language  of  the  fourth  principle  would 
not  adversely  affect  implementation  of  the  technology,  even 
if  made  mandatory.  The  use  of  information  products  as  implied 
in  the  second  sentence  for  the  prevention  of  phenomena  detri- 
mental to  the  environment  could  expand  the  market  for  earth 
resources  information  products.  However,  to  ensure  implemen- 
tation of  this  principle  in  d manner  consistent  with  practical 
operational  considerations,  recipients  of  the  information 
should  be  identified  as  international  organizations  responsible 
for  environmental  management  and  to  governments  of  states 
likely  to  be  affected  adversely  by  phenomena  detrimental  to 
the  environment.  That  limitation  could  be  incorporated  through 
the  addition  of  language  at  the  end  of  the  text  which  would 
make  available  to  all  states  likely  to  be  affected  and  to 
concerned  intei  ational  organizations.  In  addition,  the 
information  should  be  made  available  on  "mutually  agreeable" 
terms . 


5.  Pringfple  V 

The  fifth  draft  principle  provides: 

States  participating  in  remote  sensing  of  [the 
natural  resources  of  the  earth]  [and  its  environment] 
from  outer  space  [should]  [shall]  make  available 
technical  assistance  to  other  interested  States  on 
mutually  agreed  terms. 28 

If  implemented  in  its  present  form,  Principle  V would  create 
pressure  to  export  every  facet  of  earth  resources  satellite 
technology  and  related  ground  technologies.  That  pressure  could 
undermine  both  United  States  technological  1 adership  and  the 
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hasxs  for  tho  provision  of  commercial  earth  resource  information 

services  not  to  mention  possible  national  security  concerns. 

However,  if  the  provision  were  limited  to  technical  assistance 

relating  to  specialized  processing  of  data  products  and  to  the 

creation  of  infrastructures  in  less  developed  countries  capable 

of  applying  information  prodr-ts  effectively,  it  would  be  more 

likely  to  result  in  rapid  national  and  regional  development 

than  would  concentration  of  efforts  on  the  sale  of  expertise, 

reception  and  preproc  ..sing  equipment.  Since  that  approach 

would  expand  rat*'  *r  than  contract  the  international  market 

for  the  services  not  nly  for  providers  of  satellite  data 

services  but  for  American  exporters  generally,  the  focus  on 

infrastructure  development  appears  desirable.  Similar!/, 

since  "information"  rather  than  "data,"  as  those  terms  are 

29 

defined  by  the  Working  Group  on  Remote  Sensing  is  the  source 
of  the  benefits  to  be  derived  from  satellite  remote  sensing, 
the  emphasis  of  international  cooperation  and  technical 
assistance  programs  should  be  placed  on  the  acquisition  and 
application  of  "information." 

6 . £_Lc  VI_ 

During  its  1977  session,  the  Legal  Sub-Gommj ttee  formulated 
a series  of  new  dr;f'  principles,  based  either  on  previously 
identified  common  elements  or  on  a consensus  established 
during  the  1977  session. ^ The  first  of  these  is  Principle  VI 
which  provides: 
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1.  The  United  Nations  and  its  relevant  specialized 
agencies  [and  the  International  Atomic  Energy  Agency] 
[should]  [shall]  promote  international  cooperation, 
including  technical  assistance,  and  play  a role  of 
coordination  in  the  area  of  remote  sensing  of  [the 
natural  resources  of  the  earth]  [and  its  environment]. 

2.  States  conducting  activities  in  the  field  of 
remote  sensing  of  [the  natural  resources  of  the  earth] 
[and  its  environment]  [shall]  [should]  notify  the 
Secrt  tary-Gen*'.  .il  thereof,  in  compliance  with  article 
XI  o L the  Ti  < <•  .y  on  Principles  Governing  the  Activities 
of  States  in  the  Exploration  and  Use  of  Outer  Space, 
including  the  Moon  and  Other  Celestial  Bodies. 

This  principle  was  based  on  the  first  of  the  common  elements 

31 

identified  during  the  1976  session.  In  its  present  form, 
Principle  VI  makes  a general  statement  regarding  a possible 
coordinating  role  for  the  United  Nations  which  would  be 
desirable  from  the  perspective  of  the  United  States  if  imple- 
mented within  the  limits  described  in  the  discussion  of 
Principle  V.  The  second  paragraph  merely  applies  Article  XI 
of  the  Outer  Space  Treaty  to  satellite  remote  sensing  and  is 
considered  inoffensive,  provided  the  level  of  information 
required  does  not  exceed  the  nature  and  scope  of  information 
currently  supplied  regarding  satellite  launches. 


7.  Princij^l^  VII 

Principle  VII,  which  provides: 
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Information  obtained  by  remote  sensing  [of  the  natural 
resources  of  the  earth]  [and  its  environment]  indicating 
an  impending  natural  disaster  shall  be  disseminated  as 
promptly  as  possible  to  those  States  likely  to  be  affected. 

was  based  on  the  second  common  principle  identified  during 

3 '* 

the  1976  session  of  the  Legal  Sub-Committee.  Adoption  of 
this  element  in  its  present  form  also  appears  desirable.  If 


included  in  a package  of  general  services,  the  disaster  warning 
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service  could  be  used  to  demonstrate  to  other  delegations  that 
the  value  of  potential  benefits  significantly  exceeds  the  cost 
of  potential  abuses  of  earth  resources  satellite  technology. 

8.  Prinoi^J^e  VIIJ 

Principle  VIII  provides: 

Taking  into  account  the  principles  I and  II  above,  remote 
sensing  data  or  information  derived  therefrom  [shall] 

[should]  [not]  be  used  by  States  [to  the  detriment  of] 

[in  a manner  compatible  with]  the  legitimate  rights 
and  interests  of  other  States. 

Based  on  the  third  common  element,  that  language  is  closely 
related  not  only  to  the  concept  embodied  in  Article  IX  of  the 
Outer  Space  Treaty  that  states  should  conduct  their  space 
activities  with  due  regard  to  the  corresponding  interests  of 
other  states, 3^  but  to  the  interpretation  of  Article  1(1) 
urged  by  developing  states  which  would  prohibit  activities  in 
outer  space,  unless  they  are  conducted  "in  the  interests  and 
for  the  benefit  of  all  states."35  Because  of  those  similarities, 
Principle  VIII  is  likely  to  generate  similar  controversies, 
particularly  regarding  the  construction  of  the  term  "interna- 
tional detriment." 

The  bracketed  phrases  permit  both  a negative  and  a positive 
interpretation.  However,  from  the  perspective  of  potential 
private  sector  interests,  both  approaches  could  be  considered 
detrimental,  when  read  in  the  context  of  Article  VI  of  the 
Outer  Space  Trealy  which  imposes  international  responsibility 
on  states  parties  to  the  treaty  for  the  space  activities  of  their 
respective  nationals,  whether  governmental  or  non-governmental 
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entities."^  Broad  or  uncertain  construction  of  the  terms  of 
Principle  VIII  could  lead  to  restriction  of  legitimate,  desirable 
activities,  particularly  based  on  commercial  initiatives. 

Although  private  sector  operations  may  be  possible  within  the 
framework  of  such  a principle,  adverse  political  repercussions 
resulting  from  disputed  constructions  of  the  common  element 
are  considered  both  probable  and  detrimental  to  United  States 
interests.  Consequently,  in  its  present  form,  the  eighth  draft 
principle  is  considered  undesirable. 

9.  IX, 

The  ninth  principle  incorporated  in  the  new  draft  was 
agreed  upon  during  the  1977  Legal  Sub-Committee  without 
prior  consideration  during  the  1976  session.  Principle  IX 
provides : 

States  participating  in  remote  sensing  [of  the  natural 
resources  of  the  earth]  [and  its  environment] , either 
directly  or  through  relevant  international  organization 
[shall]  [should]  be  prepared  to  make  available  to  the 
United  Nations  and  other  interested  States,  particularly 
the  developing  countries,  upon  their  request,  any 
relevant  technical  information  involving  possible  opera- 
tional systems  which  they  are  free  to  disclose. 

The  apparent  rationale  for  inclusion  of  this  provision  is 
to  promote  exchange  of  information  regarding  the  character- 
istics of  operational  systems  as  a means  of  enabling  devel- 
oping countries  to  keep  pace  with  technical  and  institutional 
developments.  Since  the  availability  of  this  type  of  infor- 
mation is  likely  to  alloy  some  of  the  concerns  of  less 
developing  countries  concerning  potential  abuses  of  the 
technology,  this  level  of  information  exchange  is  considered 
desirable. 
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1 0 . Pvinnipla  X 

The  second  new  principle  formulated  during  the  1977  session 
provides : 

States  [shall]  [should]  bear  international  respon- 
sibility for  [national]  activities  of  remote  sensing 
[of  the  natural  resources  of  the  earth]  [and  its 
environment]  [irrespective  of  whether]  [where]  such 
activities  are  carried  out  by  governmental  [or  non- 
governmental] entities,  and  [shall]  [should]  [guarantee 
that  such  activities  will]  comply  with  the  provisions 
of  these  Principles. 

In  essence,  Principle  X restates  the  provisions  of  Article  VI 
of  the  Outer  Space  Treaty,  and  hence,  does  not  necessarily 
increase  the  potential  burdens  imposed  by  the  supervision 
requirement  of  that  article.  However,  the  fact  of  the  restate- 
ment combined  with  the  potential  for  more  direct  language 
indicates  the  existence  of  a trend  toward  full-scale  national 


governmental  supervision  of  all  space  activities.  Consequently, 
Principle  X has  given  rise  to  some  concern  in  the  private  sector 
regarding  the  possible  limitations  on  non-governmental  space 
activities . 


1 1 . Principle  XI_ 
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The  final  draft  principle  formulated  this  year  by  the 

Legal  Sub-Committee  provides: 

A sensed  State  [shall]  [should]  have  timely  and  non- 
discr iminatory  access  to  data  obtained  by  remote 
sensing  [of  the  natural  resources  of  the  earth]  [and 
its  environment]  from  outer  space,  pertaining  to  its 
territory  on  reasonable  terms  [to  be  mutually  agreed 
upon  with  the  sensing  State]  and  to  the  extent  feasible 
and  practicable,  [shall]  [should]  be  provided  with 
such  data  on  such  terms  [on  a continuous  and  priority 
basis]  [and  in  any  case  no  later  than  any  third  state]. 
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In  some  respects,  this  draft  principle  appears  to  correspond 
to  certain  of  the  positions  taken  by  the  United  States  in  an 
attempt  to  avoid  adoption  of  a prior  consent  regime.  Particu- 
larly important  are  the  classes  relating  to  ’’timely  and  non- 
discriminatory  access"  and  access  "in  any  case  no  later  than 
any  third  state."  If  ultimately  adopted,  the  language  of 
Principle  XI  could  serve  to  limit  the  flexibility  of  operations 
available  to  the  entity  managing  the  system.  In  its  present 
form.  Principle  XI  could  interfere  with  traditional  private 
sector  management  and  marketing  procedures  and  should  therefore 
be  carefully  examined  prior  to  final  adoption. 

C.  Prospects  for  Resolution  of  the  Earth  Resources 
Satellite  Debate 

The  main  tenet  of  the  present  United  States  policy  is 
strict  opposition  to  the  adoption  of  an  international  regime 
based  on  prior  consent.  This  approach  is  essentially  consistent 
with  the  interests  of  the  public  and  private  sector'  If  data 
acquisition  were  subject  to  the  consent  of  the  surveilled  state, 
as  proposed  in  the  Latin  American  draft  treaty,  acquisition 
procedures  would  be  disrupted,  causing  increased  costs  while 
decreasing  the  value  of  the  data.  Strict  adherence  to  the 
prior  consent  rule  on  data  collection  would  require  the  capa- 
bility either  to  turn  off  the  satellite  sensors,  or  to  separate 
out  and  dispose  of  information  pertaining  to  the  territory 
of  a state  which  had  not  given  its  consent.  The  first  approach 
would  increase  the  cost  of  satellite  construction  and  operation, 
and  the  second  would  increase  processing  time  and  costs.  Both 
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approaches  would  he  complicated  by  fluctuating  geographic 
patterns  of  consent,  especially  in  politically  unstable  regions. 
These  consequences  would  affect  the  viability  of  both  inter- 
national and  domestic  earth  resources  services,  regardless 
of  the  institutional  configurations  employed.  In  particular, 
with  respect  to  operation  of  the  space  segment,  the  principle 
of  prior  consent  would  force  operational  entilies  to  negotiate 
directly  with  foreign  governments,  which  would  in  turn  give 
rise  to  all  of  the  problems  which  characterize  relations 
between  a sovereign  and  non- sovereign  entity. 

Related  complications  would  arise  if  data  dissemination 
were  subject  to  prior  consent.  Both  the  Soviet -French  and 
Latin  American  drafts  would  prevent  transfer  of  satellite- 
acquired  earth  resources  data  from  the  government  operating 
the  satellite  to  any  third  party,  public  or  private,  without 
the  express  authorization  of  the  surveilled  state.  If  strictly 
construed,  those  provisions  could  prevent  the  United  States 
government  from  distributing  data  to  its  own  nationals,  unless 
permitted  by  the  foreign  government  in  question.  Strict 
construction  seems  warranted,  since  the  provision  would  be 
meaningless  if  the  United  States  government  were  free  to 
disseminate  all  of  the  earth  resources  information  in  its 
possession  to  its  nationals,  who  would  in  turn  be  free  to  convey 
the  same  information  to  any  other  entity,  public  or  private. 

In  the  absence  of  foreign  governmental  consent,  American 
public  and  private  entities  could  be  inhibited  from  providing 
effective  services  in  border  areas,  both  because  of  the  problems 
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of  spillover  and  because  of  the  inability  to  provide  services 
regarding  phenomena  affected  by  stimuli  which  originate  or 
operate  exclusively  in  foreign  territories.  Although  the 
domestic  market  would  enjoy  the  advantages  of  the  relatively 
cordial  relations  between  the  United  States  and  the  adjacent 
countries,  the  delays  and  potential  instability  associated 
with  consent  relationships  would  make  the  situation  undesirable. 

The  same  problems  would  be  exacerbated  in  the  international 
market.  In  most  regions  the  relatively  small  areas  controlled 
by  each  government  would  increase  the  problems  arising  from 
the  need  to  incorporate  information  from  the  territories 
of  another  state  into  an  effective  analysis  of  conditions 
in  the  consenting  state.  In  the  same  regions  border  tensions 
and  other  forms  of  competition  between  neighboring  states  will 
interfere  with  the  process  of  securing  the  necessary  authori- 
zations. Even  where  consent  is  initially  obtained,  continuation 
is  dependent  on  political  factors. 

As  noted  above,  one  of  the  main  policy  foundations  for 
the  prior  consent  proposals  has  been  the  argument  that  the 
concept  of  "permanent  sovereignty  over  natural  resources" 
embodied  in  a series  of  General  Assembly  resolutions  gives  a 
state  the  right  to  control  access  not  only  to  its  natural 
resources  but  to  information  regarding  these  resources  as  well. 

An  examination  of  those  texts  demonstrates  that  the  concept  has 
not  yet  been  extended  that  far.  To  date,  the  United  States 
delegation  has  not  demonstrated  particularly  strong  opposition, 
probably  because  of  the  political  dynamics  within  the  Outer  Space 
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Committee.  Limitation  of  the  concept  of  permanent  sovereignty 
to  its  current  scope  could  weaken  support  for  the  extreme  prior 
consent  proposals  and  make  possible  compromise  on  some  basis 
which  permits  relatively  free  access  to  data. 

As  an  alternative  to  the  prior  consent  proposals,  the  United 
States  delegation  has  offered  a strong  policy  of  open  dissemina- 
tion of  data.  One  of  the  main  arguments  against  prior  consent 
is  that  a prior  consent  regime  would  either  defeat  implementa- 
tion of  the  technology  altogether  or  give  a monopoly  on  remote 
sensing  data  to  those  highly  industrialized  states  capable  of 
operating  their  own  satellites.  Under  the  open  dissemination 
policy  sensing  states  would  make  data  "available  to  interested 
States,  international  organizations,  individuals,  scientific 
communities  and  others  on  an  equitable,  timely  and  non-discrimi - 
natory  basis."  Although  the  current  United  States  policy  could 
exclude  the  sensing  state  from  the  non-discrimination  requirement 
and  could  in  theory  permit  earlier  access  to  its  nationals, 
the  non-discrimination  aspect  suggests  that  the  State  Department 
may  be  tending  away  from  policy  choices- -and  hence  institutional 
configurations- -which  would  permit  access  to  earth  resources 
satellite  data  prior  to  complete  circulation  through  the  federal 
Landsat  processing  network. 

Another  potential  disadvantage  could  arise  from  the  fact 
that  the  United  States  usually  bases  its  argument  in  favor  of 
open  dissemination  on  the  fact  that  the  Landsat  program  has 
made  a vast  amount  of  information  available  to  states  which 
otherwise  would  have  had  no  opportunity  to  secure  it.  The 
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response  has  been,  first,  that  NASA's  current  dissemination 

policy  is  entirely  unilateral  in  nature  and  is  therefore  subject 

to  unilateral  alteration,  and  second,  that  the  United  States 

has  not  provided  any  assurance  that  the  Landsat  program  will 

be  continued  on  medium-term  --  much  less,  a long-term  --  basis. 

In  its  effort  to  secure  a consensus  on  its  open  dissemination 

policy,  the  United  States  may  feel  compelled  to  commit  itself 

to  continuation  of  federally  supported  earth  resources  programs 

for  the  foreseeable  future.  The  legislation  introduced  by 

Senator  Ford  to  establish  an  operational  earth  resources 

satellite  system  under  the  control  of  NASA  and  the  Department 

37 

of  the  Interior  would  be  consistent  with  that  approach. 

Because  of  reliance  interests  developed  by  other  governments, 
a decision  to  utilize  an  organizational  structure  or  selection 
of  a means  of  distribution  substantially  different  than  the 
present  method  of  selling  partially  refined  data  at  the  cost 
cf  reproduction  is  likely  to  subject  the  State  Department  to 
serious  foreign  pressure. 

The  third  i,.ajor  element  of  current  United  States  policy 
is  the  encouragement  by  sensing  states  of  the  broadest  feasible 
international  participation  in  appropriate  phases  of  their 
respective  programs.  To  facilitate  that  goal,  the  United 
States  has  proposed  that  sensing  states  should  provide,  within 
the  limits  of  their  capabilities,  assistance  to  other  interested 
states  regarding  the  acquisition,  interpretation  and  application 
of  satellite-gathered  earth  resources  data.  The  implication  is 
that  the  United  States  government  will  continue  encouraging 

other  governments  to  participate  in  its  Landsat  program  by 
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cstablishing  national  or  regional  ground  stations  and  data 
interpretation  facilities.  Participation  and  technical 
assistance  are  likely  to  generate  a dependence  among  other 
countries  upon  U.S.  government  programs,  thus  increasing  the 
international  pressure  to  continue  or  even  expand  the  current 
programs.  The  scope  of  the  assistance  actually  provided 
will  determine  the  extent  to  which  the  combination  of  readily 
available  data  and  essentially  gratuitous  transfer  of  appli- 
cations expertise  will  jeopardize  the  viability  of  the  inter- 
national marketing  activities.  However,  in  light  of  United 
States  foreign  policy  interests,  the  level  of  assistance  is 
likely  to  become  substantial. 

Although  the  differences  between  the  interests  of  the 
Carter  Administration  and  those  of  previous  administrations 
may  cause  some  changes  in  present  United  States  policy,  a 
number  of  considerations  are  likely  to  diminish  the  magnitude 
of  any  policy  shifts.  First,  the  federal  government  has  a 
number  of  interests  which  would  be  advanced  by  an  open  data 
dissemination  policy  enhanced  by  technical  assistance  efforts. 

The  federal  government  is  primarily  interested  in  procuring 

the  benefits  of  satellite  remote  sensing  technology  for  its 
citizens.  Among  these  benefits  are  increased  supply  of  raw 
materials,  increased  information  for  managing  the  national  economy 
and  enhanced  ability  to  monitor  the  national  environment  for 
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purposes  of  preventing  or  reversing  environmental  degradation. 
Consequently,  the  government  is  concerned  that  the  policies  it 
advocates  will  facilitate:  a)  effective,  accurate  service; 

b)  on  a real-time  basis;  c)  at  a reasonable  cost. 

A second  primary  interest  is  the  selection  of  a combination 
of  national  and  international  policies  which  will  develop  the 
technology  to  operational  status  as  soon  as  possible  consistent 
with  the  realization  of  other  goals.  Third,  the  federal  govern- 
ment is  concerned  that  it  reduce  its  expenditures  as  far  as 
possible  consistent  with  the  achievement  of  other  goals.  The 

implications  of  this  consideration  are  complicated  by  the  fact 
that  the  government  has  a potential  dual  role  as  both  provider 
and  consumer  of  earth  resources  data  services. 

Fourth,  federal  policymakers  arc  interested  in  expanding 
exports  through  satellite  remote  sensing  in  two  ways.  First, 
by  promoting  the  international  role  of  earth  resources  data 
and  receiving  and  data  processing  equipment,  the  United  States 
would  improve  its  balance  of  payments  and  generate  the  foreign 
policy  benefits  discussed  below.  The  federal  government  probably 
also  intends  to  use  earth  resources  satellite  data  at  a second 
level  as  a tool,  first,  to  develop  previously  underdeveloped 

food  and  mineral  resources  in  order  to  increase  supply  and 
decrease  world  raw  materials  prices,  and  second,  to  encourage 
other  states,  especially  the  developing  states,  to  use  revenues 
from  their  increased  volume  of  raw  material  exports  to  increase 
their  imports,  particularly  from  the  United  States.  This 
broader  approach  seems  to  promise  greater  benefits  for  the 
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United  States  economy  as  a whole.  That  promise  is  increased 
by  the  apparent  tendency  of  the  American  economy,  via-a-vin 
the  economies  of  other  countries,  to  specialize  in  the 
provision  of  information  services.  To  maximize  the  benefits  of 
the  broader  approach,  access  to  earth  resources  data  must  be 
extended  ns  far  as  possible. 

Fifth,  federal  policy  has  traditionally  enabled  American 
private  enterprise  to  exploit  technology  for  commercial  purposes, 
but  the  tendency  has  been  limited  by  the  extent  to  which  other 
governmental  interests  have  outweighed  the  interest  in  promoting 
commcrc i al  i nvo lvement . 

In  addition  to  those  domestic  policy  factors,  the  United 
States  lias  a wide  range  of  foreign  policy  interests  which  could 
be  affected  by  its  choice  of  an  international  remote  sensing 
policy.  The  first  of  those  interests  is  the  desire  to  continue 
reaping  the  benefits  of  other  nations'  recognition  for  United 

States  technological  leadership.  To  accomplish  that  goal, 
continued  research  and  development  is  essential,  indicating 
the  need  for  continuing  federal  involvement  in  the  earth 
resources  field.  Further,  the  United  States  must  be  able  to 
demonstrate  highly  visible  technical  progress.  On  a more 
subtle  level,  these  prestige  benefits  are  also  contingent  on 
showing  that  the  benefits  of  technological  progress  extend 
beyond  the  borders  of  the  United  States  to  less  advanced 
countries . 

The  second  set  of  foreign  policy  interests  centers  around 

the  use  of  satellite  remote  sensing  as  a foreign  policy  tool. 
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If  the  U.S.  government  retains  some  measure  of  control  over  the 
allocation  of  earth  resources  data  and  services,  it  will  be 
able  to  use  the  technology  as  a reward-or-punishment  tool  to 
advance  its  other  foreign  policy  interests.  Transfer  of  control 
to  the  private  sector,  however,  would  limit  the  flexibility  of 
the  tool. 

The  avoidance  of  foreign  policy  disadvantages  could  also 
militate  against  sole  t ion  of  a poli  v conducive  to  transtcr  to 
private  enterprise.  A profit  oriented  organization  is  not  likely 
to  be  especially  concerned  about  the  international  political  ramifi- 
cations of  the  uses  made  of  its  work  products  by  customers  of 
refined  earth  resources  data.  Consequently,  aggravation  „ f inter- 
national disputes  could  result  particularly  with  regard  to 
boundary  placement  in  regions  where  satellite  imagery  indicates 
the  existence  of  valuable  natural  resources.  Blame  would  fall 

on  the  United  States,  even  if  its  system  were  not  operated  by 
the  government.  Government  control  could  limit  the  adverse 
consequences . 

Similarly,  government  control  could  limit  the  negative  response 
sometimes  generated  by  an  aggressive  prof i t -or iented  applications 
program.  Direct  profits  for  the  earth  resources  industry  might 
be  reduced,  but  the  benefits  to  the  whole  economy  might,  as  noted 
above,  be  greater  over  time.  Concerns  expressed  in  the  United 
Nations  regarding  the  potential  for  economic  imperialism  if 
earth  resources  satellites  were  operated  by  a single  government 
or  private  entity  may  lead  the  State  Department  to  favor  some 
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inter-governmcntal  arrangement  designed  to  give  at  least  the 
appearance  of  international  control. 

The  third  disadvantage  to.  be  avoided  by  non-private 
control  of  earth  resources  activities  is  the  problem  of 
international  backlash  which  could  result  from  transfer 
to  the  private  sector.  NASA  has  entered  into  a number  of 
bilateral  agreements  with  other  governments  for  cooperation 
on  earth  resources  satellite  experiments.  Each  of  those  agree- 
ments calls  for  NASA  to  permit  access  to  its  Landsat  system, 
and  the  other  party  agrees  to  construct  an  earth  station  and 
pay  its  own  costs  of  participation.  In  addition,  NASA  has  made 
attractive  proposals  which  would  encourage  other  states  to  invest 

in  earth  resources  technology.  In  1970,  NASA  proposed  that  the 
United  States  government  adopt  a program  under  which  launching 
states  would  make  data  available  to  interested  states  at  'he 
cost  of  duplication,  while  a special  United  Nations  facility 
would  be  established  initially  to  service  such  United  Nations 
agencies  as  the  Food  and  Agriculture  Organization  (FAO)  and  the 
Economic  and  Social  Council  (ECOSOC) , and  later  to  assume  such 
other  responsibilities  as  were  assigned  to  it  by  the  world 
community.  Four  years  later,  at  the  third  session  of  the 
CPUOS  Working  Group  on  Remote  Sensing,  the  United  States  offered 
to  provide  any  international  earth  resources  center  with  a 
mas-ter  copv  of  the  data  collected  during  NASA's  experimental 
ERTS  program.  The  agreements  and  offers  by  the  United  States 
combined  with  reliance  by  other  states  created  international 
pressure  on  the  federal  government  to  continue  providing  some 


302 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


-161- 


level  of  Landsat  services.  Transfer  of  its  responsibility 
to  a private  entity  would  eliminate  such  unprofitable 
services,  probably  causing  a backlash  among  other  states. 

Achievement  of  all  of  the  foreign  policy  goals  and  most  of 
the  other  goals  described  above  is  dependent  at  least  in  part 
upon  extensive  international  participation.  Consequently,  the 
combination  of  national  and  international  policy  choices  by 
the  United  States  are  likely  to  be  designed  in  such  a way  as 
to  make  it  clear  to  foreign  governments  that  participation 
in  the  proposed  international  system  would  substantially  advance 
their  respective  national  interests.  A policy  essentially 
transferring  responsibility  for  earth  resources  satellite  tech- 
nology to  the  private  sector  would  complicate  the  prospects 
for  international  participation. 

In  addition  to  its  own  interests,  the  State  Department 
is  likely  to  consider  the  interests  of  other  federal  agencies, 
most  significantly  NASA  and  the  Department  of  Interior. 

In  furtherance  of  NASA's  statutory  mandate  to  promote  the 
widest  feasible  application  of  space  technology  on  both 
the  national  and  international  levels,  NASA  and  its  Office 
of  International  Affairs  are  actively  supporting  continuation 
and  expansion  of  the  network  of  memoranda  of  understanding 
between  NASA  and  foreign  governments.  Expansion  of  the 
network  could  generate  increased  international  opposition 
to  discontinuation  of  the  ir ternational  aspects  of  the  Landsat 
programs.  Further,  proliferation  of  ground  stations  could 
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overcome  some  of  the  impediments  to  the  establishment  of  an  inter- 
governmental consortium,  which  could  seriously  limit  the  inter- 
national market  for  commercial  earth  resources  services.  A 
policy  of  intergovernmental  implementation  on  the  international 
level  would  also  strengthen  the  arguments  for  provision  of 
earth  resources  services  by  a federal  agency  or  federally 
chartered  entity. 

The  Department  of  Interior  and  the  U.S.  Geological  Survey 
are  promoting  a policy  consistent  with  their  proposals  to  improve 
and  expand  the  Sioux  Falls  installation  to  facilitate  transfer 
of  data  to  both  domestic  and  international  customers.  Increased 
federal  involvement  at  that  point  in  the  Landsat  system  is  likely 
to  diminish  the  probability  that  private  entities  will  be  per- 
mitted access  at  an  earlier  point  in  the  system. 

Other  elements,  particularly  from  the  academ.c  community, 
are  pressing  for  a U.S.  policy  in  the  United  Nations  which  'ould 
make  available  throughout  the  world  both  earth  resources  data 
and  the  knowledge  and  hardware  needed  to  apply  the  data.  Those 
initiatives  generally  evidence  a distrust  of  the  commercial 
approach,  particularly  with  respect  to  socially  useful,  but 
generally  unprofitable  applications. 

The  foregoing  analysis  of  current  trends  in  the  CPUOS 
debates  relating  to  principles  to  govern  the  use  of  earth 
resources  satellites  is  relevant  to  general  considerations 
in  two  main  ways.  First,  under  the  definition  of  space  indus- 
trialization set  forth  in  Part  I above,  satellite  remote 
sensing  constitutes  one  of  the  four  main  categories.  Second, 
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a comparison  of  trends  in  the  direct  broadcast  and  earth 
resources  satellite  debates  indicates  that  common  trends  can 
be  identified.  Consequently,  those  trends  and  the  underlying 
complex  of  national  interests  provides  the  basis  for  projection 
of  related  trends  applicable  to  other  types  of  space  industrial 
activities.  As  described  more  fully  in  Part  V below,  tendencies 
apparent  from  the  debate  surrounding  the  draft  principles 
discussed  in  Subsection  B above,  suggest  that  the  majority  of 
CPUOS  delegations  favors  a relatively  restrictive  approach  to 
the  development  of  outer  space.  This  trend,  combined  with 
parallel  responses  in  the  domestic  policy  making  process,  could 
lead  to  establishment  of  international  principles  which  limit 
the  range  of  available  institutional  options  and  hence  the 
character  of  potential  participants  in  space  industrialization. 
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III.  IMPLICATIONS  FOR  SPACE  INDUSTRIALIZATION  OF  THE  CPUOS 
DEBATES  ON  THE  DRAFT  MOON  TREATY 

The  ' irst  initiative  to  establish  international  principles 
to  gover,’  the  use  and  exploration  of  the  moon  occurred  in  1970 
when  Argentina  submitted  a proposal  to  the  United  Nations  calling 
for  promulgation  of  appropriate  rules.1  However,  significant 
activity  in  the  United  Nations  in  that  area  did  not  occur  until 

7 

the  Sovii  t Union  introduced  a draft  moon  treaty  in  June  1971. 

In  xesponse,  the  General  Assembly  directed  the  Committee  on  the 
Peaceful  Uses  of  Outer  Space  (CPUOS)  to  consider  and  elaborate 
upon  the  Soviet  draft  treaty  at  its  fourteenth  session,  held  in 
New  York  in  September  1971.^  The  Outer  Space  Committee  referred 
the  draft  treaty  to  its  Legal  Sub-Committee  for  detailed  considera- 
tion at  its  eleventh  session  in  April  and  May  1972.  Despite 
significant  differences  of  opinion  among  the  delegations,  the 
subcommittee  was  able  to  formulate  a unified  negotiating  text 
consisting  of  a preamble  and  twenty-'',  j draft  articles.  However, 
certain  provisions  were  stated  in  alternative  forms,  indicating 
disagreement  among  the  delegations  as  to  those  provisions. 

As  a result,  consideration  of  the  treaty  was  continued  the  follow- 
4 

ing  year. 

The  ..egal  Sub-Committee  again  examined  the  draft  moon  treaty 
at  it  twelfth  session  in  March  and  April  1973,.  and  several 
woiking  papers  weie  submitted  by  various  delegations.  Six 
provision*:  v're  adopted  by  the  Legal  Sub-committee  which  modified 
the  197*  draft  somewhat  and  focused  the  remaining  disagreements 
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around  three  main  issues: 

1.  scope  of  the  treaty; 

2.  disposition  of  lunar  resources;  and 

3.  character  and  scope  of  information  about  the  objectives 
of  lunc-r  missions  to  be  made  public  prior  to  their 
commencement . 

Since  1973  the  same  issues  have  remained  unresolved  and  have 
prevented  final  approval  of  a moon  treaty. 

A.  Current  Status  of  the  Moon  Treaty  Debate 

Since  1973  three  main  issues  have  remained  unresolved  and 
prevented  establishment  of  a final  consensus  on  a draft  moon 
treaty  to  be  submitted  to  the  General  Assembly.  The  questions 
relating  to  the  disposition  of  lunar  resources  are  considered 
the  most  difficult,  and  its  solution  is  expected  to  permit 
resolution  of  the  remaining  issues.^ 

1 . Natural  Resources 

The  main  positions  among  CPUOS  delegations  on  issues 
relating  to  the  exploration  and  use  of  the  moon  are  most  clearly 
crystallized  on  the  question  of  the  disposition  of  lunar 
resources  and  its  four  major  subissues: 

1.  the  impact  of  Article  II  of  the  Outer  Space  Treaty; 

2.  the  impact  of  the  evolving  concept  of  the  common 
heritage  of  mankind; 

3.  the  desirability  of  deferring  regulation  of  lunar 
exploration  and  use  until  those  activities  have 
become  imminent; 
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4.  the  desirability  of  declaring  a moratorium  on  the 

exploitation  of  lunar  resources  pending  establishment 
of  an  international  consensus  on  the  disposition  of 
lunar  resources. 

For  purposes  of  clarity,  this  discussion  will  consider  the 
question  of  lunar  resources  from  the  perspective  of  these 
subissues . 

a.  Article  II  and  national  Appropriation  of  Lunar  Resources 

Since  1973  two  main  positions  on  the  question  of  national 
appropriation  of  lunar  resources  have  emerged.  The  United 
States  takes  the  position  that  the  Article  II  prohibition 
against  appropriation  of  the  moon  and  other  celestial  bodies 
does  not  prohibit  acquisition  of  propriety  rights  in  the 
natural  resources  of  the  moon.^  They  interpret  Article  II  as 
prohibiting  a state  from  exercising  sovereignty  over  parts 
of  the  moon,  but  not  prohibiting  a state  from  gaining  proprie- 
torship over  goods,  including  natural  resources,  which  they  take 

7 

or  "capture"  from  the  moon.  This  conceptual  distinction 
between  prohibited  sovereignty  and  permitted  proprietorship  of 
natural  resources  is  based  on  the  provisions  in  Articles  I and 
III  of  the  Outer  Space  Treaty,  which  expressly  permit  states 

O 

to  "use"  the  moon.  As  a result,  those  delegations  argue  that 
prohibition  of  ownership  of  the  natural  resources  of  the  moon 
would  require  alteration  of  existing  law  as  embodied  in  the 
Outer  Space  Treaty. 
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The  Soviet  position  reaches  the  same  conclusion  by  somewhat 

different  reasoning.  The  Soviets  advocate  strengthening  the 

Article  II  prohibition.  In  particular,  they  argue  that  the 

right  of  states  to  explore  and  use  the  moon,  and  the  practical 

establishment  of  moon  stations,  does  not  create  an  ownership 

9 

right,  to  the  surface  or  subsurface.  However,  as  made  clear 
in  the  Soviet  Draft  Moon  Treaty,  the  Soviets  would  expand  and 
clarify  Article  II  by  expressly  enumerating  the  entities  to 
whom  this  prohibition  allegedly  applies.  Under  the  Soviet 
approach,  the  prohibition  would  cover  international  organiza- 
tions, private  organizations,  and  individuals,  as  well  as 
states. However,  the  Soviet  delegation  argues  that  the 
Article  II  prohibition  does  not  apply  to  natural  resources, 
and  that  the  rights  to  these  resources  for  exploitation  for 
either  local  moon  requirements  or  for  transportation  to  Earth 
are  not  defined  in  the  Outer  Space  Treaty. ^ Both  delegations 
agree  that  the  status  of  the  moon's  natural  resources  should 
be  determined  in  the  moon  treatv  without  any  restrictions  due 
to  the  ban  on  national  appropriation  in  Article  II  of  the  1967 
Cuter  Space  Treaty;  instead,  beneficial  ownership  of  such 
resources  would  be  given  to  those  states  that  are  actually 
making  use  of  them. 

The  point  of  view  espoused  by  the  United  States,  the  Soviet 
Union  and  other  potential  space  powers  is  opposed  by  a bloc 
of  developing  countries,  led  by  the  delegation  of  Argentina. 

The  Argentine  position  recognizes  two  classes  of  ownership. 
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The  first,  direct  or  eminent  domain,  is  considered  prohibited 

by  Article  II.  The  second,  beneficial  ownership  (domain  util) 

is  the  enjoyment,  receipt  of  the  fruits  and  profit 

derived  from  property  which  is  either  unowned  or  commonly 
12 

owned.  Because  of  their  support  of  the  principle  of  the 

common  heritage  of  mankind,  the  developing  countries  maintain 

that  lunar  resources  are  owned  in  common  by  all  members  of  the 

international  community  and  is  protected  against  national 

13 

appropriation  by  the  provisions  of  Article  II. 

b.  The  Impact  of  the  Concept  of  the  "Common  Heritage 
of  Mankind" 

Closely  related  to  the  issues  sui rounding  application  of 
Article  II  to  lunar  resources  is  the  question  of  the  applica- 
bility of  the  evolving  concept  of  the  "common  heritage  of 
mankind."  Professor  Aldo  Armando  Cocca,  who  heads  the  Argentine 
delegation,  is  the  concept's  leading  advocate.  In  essence, 
the  common  heritage  principle  would  secure  beneficial  ownership 
(domain  util)  of  lunar  resources  for  all  members  of  the  inter- 
national community.  Consequently,  if  adopted,  that  concept 
would  prevent  individual  states  from  appropriating  lunar 
resources  for  individual  use;  instead,  some  form  of  sharing 
arrangement  would  be  mandated.  Such  arrangements  could  require 
equitable  allocation  cither  of  the  resources  extracted  from 
the  moon  or  of  profits  derived  from  the  sale  of  these  resources. 

Professor  Cocca  admits  that  both  negative  and  positive 
consequences  are  to  be  anticipated  from  granting  beneficial 
ownership  of  the  moon  to  all  of  the  states.  The  projected 
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negative  aspects  --  including  inhibition  of  commercial  initia- 
tives --  would  affect  only  those  countries  which  now  have  the 
capacity  to  reach  outer  'pace.  However,  Professor  Cocca 
maintains  that  all  states,  including  the  space  powers,  will 
benefit  from  lunar  development  on  that  basis.  In  particular, 
Professor  Cocca  has  identified  the  following  specific  benefits: 

--  a realization  on  the  part  of  all  States  and  peoples 
that  they  are  entitled  to  the  benefits  derived  from 
the  principles  and  norms  established  for  outer 
space  and  celestial  bodies; 

--  the  need  to  link  to  the  exploration  and  use  of 
space  and  celestial  bodies  the  exploitation 
thereof; 

--  the  search  for  profit,  with  an  attempt  to  ensure 
its  results; 

--  equitable  sharing  of  profits  derived; 

--  consideration  of  the  needs  and  interests  of 
developing  countries; 

--  supervision  of  this  activity  with  a view  to 
equitable  distribution; 

--  the  institution  of  an  international  regime; 

--  the  establishment  of  appropriate  procedures  for 
such  regime;  and 

--  the  existence  of  international  machinery  or  an 
international  authority  to  give  effect  to  all  the 
expectations  that  have  been  voiced. 14 

The  Soviet  delegation  has  opposed  the  inclusion  of  the 
’’common  heritage"  concept  in  the  draft  moon  treaty  because 
it  provides  in  effect  for  common  ownership  of  lunar  resources, 
which  conflicts  with  the  Soviet  position,  first,  that  no 
property  interest  should  be  created  prior  to  the  time  the 
minerals  are  extracted  from  the  moon’s  surface  or  subsurface, 
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and  second,  that  upon  extraction,  beneficial  ownership  should 

vest  in  the  entity  undertaking  the  mining  operation.  The 

underlying  rationale  is  that  since  the  Outer  Space  Treaty 

forbids  national  appropriation,  the  term  "heritage,”  which 

is  essentially  a property  concept,  should  not  be  used  in  the 

moon  treaty  because  it  goes  far  beyond  the  "common  province 

of  all  mankind"  language  sanctioned  in  the  Outer  Space  Treaty. 

Soviet  commentators  add  that  the  movement  to  incorporate  the 

concept  into  the  law  of  the  sea  is  a serious  hindrance  to 

the  completion  of  moon  treaty  negotiations  adoption  because 

of  the  variances  between  national  interests  with  respect  to 

ocean  resources  and  corresponding  interests  on  the  moon.**’ 

Although  the  United  States  is  opposed  to  incorporation 

of  the  concept  into  the  moon  treaty,  it  has  not  taken  a strong 

17 

stand  against  the  "common  heritage"  concept.  The  United 

States  has  taken  the  position  that  it  will  accept  inclusion 

of  the  phrase  only  if  it  is  defined  as  not  carrying  any  expressed 

or  implied  prohibition  of  exploitation  of  the  moon's  natural 
1 8 

resources.  The  United  States  will  support  an  equitable 
sharing  of  the  benefits  of  such  exploitation,  but  only  if  such 
sharing  is  defined  as  allowing  expenses  of  the  space  program 
to  be  deducted  before  the  benefits  are  shared.  The  United 
States  bases  this  position  in  equity  by  reasoning  that  if  it 
were  otherwise,  a nation  would  carry  the  financial  burden  of 
space  exploration  without  offsetting  this  burden  with  the 
benefits.*^ 
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Other  delegations  including  Hungary  and  Czechoslovakia, 

have  taken  a compromise  position  which  would  specifically 

provide  that  the  main  goal  is  to  obtain  the  benefits  of  outer 

space  for  the  benefit  of  all,  but  this  will  not  be  accomplished 

unless  those  countries  carrying  the  expensive  burden  of  space 

20 

exploration  are  reimbursed  with  a certain  degree  of  profit. 

At  present  the  status  of  the  concept  under  international 

'll 

law  is  subject  to  extensive  debate. “ Continued  lack  of  opposi- 
tion in  the  CPUOS  negotiations  is  likely  to  combine  with 
parallel  developments  in  other  areas,  most  notably  the  law 
of  the  sea,  to  permit  evolution  of  the  concept  into  a binding 
principle  of  international  law.  If  the  "common  heritage" 
principle  were  applied  generally  to  space  industrial  activities, 
private  initiatives  may  never  become  economically  viable. 

C.  Desirability  of  Deferring  Disposition  of  Lunar  Resources 

# 

As  part  of  the  position  of  potential  space  powers  that 
restrictive  principles  should  not  be  applied  to  lunar  resources, 
it  is  argued  that  at  present  the  technology  and  operational 
institutional  arrangements  are  not  sufficiently  developed  to 
permit  effective  policy  planning,  and  that  premature  restriction 
of  lunar  development  activities  would  defer  or  prevent  reali- 
zation of  the  benefits  likely  to  be  available  from  exploitation 
of  lunar  resources.  This  approach  is  paralleled  by  arguments 
primarily  made  by  the  United  States  in  the  context  of  the  earth 
resources  and  direct  broadcast  satellite  debates.  Virtually 
all  of  the  delegations  concede  that  the  establishment  of  legal 
principles  governing  the  moon's  natural  resources  may  be  pre- 
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mat  ure  because  technology  is  not  sufficiently  advanced  to  provide 

a sound,  practical  basis  for  such  principles.22  Nonetheless, 

representatives  from  the  developing  countries  have  urged 

resolution  of  the  lunar  resources  issue  before  it  is  complicated 

28 

by  investment  and  reliance  interests  are  created. 

d.  Desirability  of  Imposing  a Moratorium  on  Lunar 
Development  Pending  Resolution  of  the  Natural 
Resources  Issue 

As  an  element  of  the  "common  heritage"  position,  the 

developing  nations  want  to  impose  a moratorium  in  regard  to 

any  development  and  exploitation  of  resources  on  the  moon 

until  an  international  arrangement  is  made,  under  which  all 

countries  will  directly  participate  in  or  benefit  from  such 

24 

development  and  exploitation.  In  response  to  the  prematurity 

arguments  discussed  above,  the  developing  nations  point  to  the 

paradox  that  at  present  it  is  too  early  to  elaborate  upon  the 

space  legal  principle  governing  the  moon  and  its  exploitation 

because  technology  is  not  sufficiently  advanced,  and  in  the 

future  it  will  be  too  late  to  do  such  elaboration  because  a 

25 

de  facto  situation  will  already  exist.  The  solution  to  the 
dilemma,  it  is  argued  is  a moratorium  on  development  until 
appropriate  policy  guidelines  are  formulated. 

The  space  powers  and  other  industrialized  nations  maintain 
that  such  a moratorium  would  discourage  any  country  from  carrying 
on  any  program  designed  to  investigate  even  the  possibility 
of  commercial  use  of  lunar  resources,  and  would  eliminate  any 
incentive  for  the  development  of  the  technology  required 
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for  exploration  and  development.  The  pra  tical  effect  would 

not  be  to  encourage  the  next  logical  stage  in  lunar  exploration 

or,  if  the  scope  of  the  treaty  is  broadened,  in  the  exploration 

of  other  celestial  bodies.  For  that  reason,  the  United  States 

in  particular  is  strongly  opposed  to  any  sort  of  moratorium. 

One  U.S.  commentator  has  argued  that  the  moon  treaty  should  be 

27 

structured  to  promote  rather  than  delay  exploitation.  This 
comment  is  particularly  incisive  because  it  highlights  a 
fundamental  policy  question  referred  to  previously  in  the 
discussions  of  international  direct  broadcast  nn  . earth 
resources  satellite  policy;  the  choice  between  rapid  operational 
implementation  and  full-scale  international  participation. 

The  resolution  of  this  question  for  each  new  technology  or 
space  activity  will  influence  the  viability  of  commercial 
entry. 

2.  5(?op(3  o/  the  Moon  Tveat}i 

The  seconJ  major  unresolved  issue  centers  upon  the  scope 

of  the  proposed  treaty.  On  one  hand,  the  original  initiatives 

in  this  area  were  focused  specifically  on  the  moon.  However, 

others  have  argued  that  the  treaty  should  cover  "the  Moon  and 

other  celestial  bodies"  in  accordance  with  the  language  of  the 

28 

1967  Outer  Space  Treaty.  The  former  position  is  taken 
primarily  by  space  powers  who  wish  to  avoid  establishment  of 
any  restrictions  on  exploration  of  other  celestial  bodies, 
and  the  latter  is  taken  by  Argentina  and  the  developing  countries, 
which  are  attempting  to  establish  the  "common  heritage"  approach 
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in  as  many  new  areas  as  possible.  However,  despite  the 
divergent  interests  of  the  two  blocs,  resolution  of  the 
natural  resources  issue  is  likely  to  incorporate  a solution 
for  this  issue  as  well.  The  most  likely  compromise  will  limit 
the  express  scope  of  the  treaty  to  the  moon,  but  permit  arguments 
by  analogy  regarding  the  management  of  other  celestial  bodies 
until  more  specific  international  instruments  ne  approved. 

3.  Prior  Information 

The  final  unresolved  issue  relating  to  the  draft  moon 
treaty  concerns  the  nature  and  scope  of  information  each  state 
will  be  required  to  furnish  prior  to  the  commencement  of 
lunar  missions.  The  positions  on  this  issue  do  not  follow  the 
divisions  identified  on  the  other  two  issues. 

The  Soviet  delegation  argues  that  states  should  not  be 

required  to  provide  prior  information  concerning  their  missions 

because  the  1967  Outer  Space  Treaty  already  establishes 

appropriate  criteria  for  the  exchange  of  information,  and 

anymore  stringent  requirement  would  require  alteration  of 

existing  law  and  would  amount  to  an  attempt  to  interfere 

in  the  domestic  affairs  of  each  launching  state.  The  latter 

contention  is  based  on  the  notion  that  mandatory  advance 

notification  implicitly  contains  the  right  of  other  states  to 

29 

express  protest. 

In  contrast,  the  United  States  supports  advance  notifica- 
tion on  the  grounds  that  it  would  avoid  duplication  and 
stimulate  scientific  efforts. ^ 
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The  developing  nations  support  very  thorough  and  wide 
ranging  prior  dissemination  of  information.  India  has  even 
proposed  in  one  of  its  working  papers  to  the  Legal  Sub- 
committees that  all  nations  be  obligated  to  share  discoveries 

of  natural  resources  (which  is  not  currently  required  in  the 
31 

draft  treaty).  The  delegation  from  Bulgaria,  which  is  one 

of  the  leading  advocates  of  compromise  on  all  three  unresolved 

issues  of  the  Draft  Moon  Treaty,  suggests  that  the  point  in 

time  to  require  all  states  to  give  information  concerning  moon 

missions  is  "as  soon  as  possible  after  launching."  Compromise 

on  that  basis  appears  possible  which  will  develop  on  this 
32 

issue. 

B.  Prospects  for  Resolution  of  the  Moon  Treaty 

In  contrast  to  the  CPUOS  debates  on  direct  broadcast  and 
earth  resource  satellites,  the  United  States  and  the  Soviet 
Union  have  taken  similar  positions  on  the  issues  raised  by  the 
draft  moon  treaty,  in  particular  on  the  key  question  of  the 
disposition  of  lunar  resources.  Both  of  the  major  space 
powers,  as  well  as  a number  of  the  states  which  are  presently 
developing  space  capabilities  have  perceived  their  interests 
to  be  best  served  by  postponing  the  resolution  of  the  issue 
of  the  legal  status  of  the  natural  resources  of  the  moon,  if 
agreement  can  only  be  based  on  a "common  heritage"  approach 
wrich  deprive  the  space  powers  of  a very  valuable  advantage 
with  respect  to  the  exploitation  of  those  resources. 
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The  developing  nations  have  perceived  delay  to  be  contrary 
to  their  interests.  They  also  are  aware  that  their  demand  to 
include  the  "common  heritage"  language  is  one  of  the  main 
impediments  to  establishment  of  an  international  consensus  on 
principles  to  govern  the  exploration  and  exploitation  of  the 
moon's  resources.  As  a result,  some  significant  pressure  to 
soften  demands  for  incorporation  of  "common  heritage"  language 
is  being  exerted.  However,  since  the  less  developed  countries 
are  seeking  to  establish  "common  heritage"  regimes  in  a number 
of  areas,  including  the  deep  seabed,  they  are  unlikely  to 
soften  these  demands  to  any  significant  degree.  Consequently, 
rapid  resolution  of  the  CPUOS  negotiations  on  the  draft  moon 
treaty  is  unlikely.  In  the  absence  of  a major  policy  initiative 
proposing  mutually  agreeable  resolution  of  a number  of  diverse 
issues,  protracted  negotiations  may  be  anticipated.  The  United 
Nations  conference  on  science  and  technology  proposed  for  1979 
may  provide  a framework  for  such  an  initiative. 
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PART  IV:  CONCLUSIONS 

The  foregoing  analysis  raises  a fundamental  question 
relating  to  the  extent  to  which  and  the  conditions  under  which 
the  private  sector  will  be  permitted  to  participate  in  the 
development  of  outer  space.  On  one  hand,  in  some  cases  in  the 
United  States  the  responsibility  for  operational  implementation 
has  been  left  to  the  private  sector.  The  most  significant 
example  is  the  case  of  communications  satellite  technology. 

On  the  other  hand,  current  trends  are  leading  away  from  signi- 
ficant private  sector  participation.  Consequently,  the  private 
sector  should  be  concerned  that  its  option  to  participate 
may  be  eroded. 

Assumption  by  the  private  sector  of  responsibility  for 
operational  activities  suggests  a wide  range  of  potential 
benefits  for  national  interests.  First,  commercial  enterprises 
are  likely  to  promote  institution  and  provision  of  full-scale, 
high  quality  operational  services  on  a more  timely  and  efficient 
basis  than  any  of  the  other  institutional  alternatives.  Second, 
commercial  implementation  would  permit  the  federal  government 
to  focus  its  efforts  on  appropriate  research  and  development 
activities.  That  approach  gives  rise  to  three  advantages. 

First,  the  combination  of  government  research  and  private 
sector  implementation  has  proven  highly  effective  in  maximizing 
the  realization  of  the  potential  benefits  of  technological 
development.  Second,  concentration  of  federal  efforts  on 
research  and  development  will  result  in  minimization  of  federal 
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expenditures  consistent  with  optimum  technological  development. 
Third,  private  sector  implementation  would  make  the  system 
operation  and  service  offerings  responsive  to  marketplace 
demand  rather  than  the  congressional  budgetary  cycle,  with 
concomitant  positive  implications  for  the  quality  and  consis- 
tency of  service. 

Another  advantage  from  private  sector  operation  of  mature 
systems  i-.  based  on  the  positive  effects  for  national  economic 
development.  Although  any  other  institutional  approach  may 
promote  economic  development,  commercial  implementation  is 
more  likely  to  maximize  the  multiplier  effects  throughout  the 
national  economy. 

These  and  other  considerations  suggest  that  private  sector 
participation  in  space  operations  is  desirable.  Nonetheless  , 
a number  of  trends  suggest  that  national  and  international 
policy  may  be  moving  away  from  promotion  of  full-scale  commercial 
involvement.  On  the  national  level,  that  tendency  is  evidenced, 
for  example,  by  the  legislative  trends.  In  August  1976, 

Senator  Moss  introduced  a bill  to  establish  an  operational 
earth  resources  satellite  system  based  on  private  sector 
initiatives.  In  January  of  this  year,  Senator  Ford  introduced 
a related  bill  which  removed  the  private  sector  mandate, 
allocating  operational  responsibility  to  NASA  and  to  the 
Department  of  the  Interior. 

A number  of  parallel  trends  are  apparent  in  the  interna- 
tional arena.  Even  the  cornerstone  of  international  space 
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law,  the  1967  Outer  Space  Treaty,  creates  the  foundation  for 
limitation  of  private  sector  involvement.  Article  1(1)  is 
said  to  require  space  activities  to  be  carried  out  "for  the 
benefit  and  in  the  interests  of  all  countries."  If  any 
operative  effect  is  given  to  that  phrase,  it  could  diminish 
the  viability  of  commercial  ventures.  Similarly,  Articles  VI 
and  VII  of  the  Outer  Space  Treaty,  as  well  as  the  Convention 
on  International  Liability  for  Damage  Caused  by  Space  Objects 
contain  provisions  which  potentially  require  relatively 
restrictive  governmental  supervision  of  national  --  including 
commercial  --  space  operations.  Supervision  is  likely  to  entail 
regulation  and  resultant  limitation  of  operational  flexibility. 

Of  course,  the  treaty's  provisions  as  interpreted  by  the 
United  States  are  not  completely  negative.  For  example, 

Article  II  arguably  does  not  inhibit  appropriation  of  outer 
space  or  portions  of  celestial  bodies  by  private  enterprises. 
However,  this  construction  is  not  universal.  As  noted  in 
Section  III  of  Part  III  above,  the  Soviets  interpret  Article  II 
to  prohibit  appropriation  by  any  entity,  including  commercial 
entities.  In  addition,  a number  of  current  trends  suggest 
that  private  sector  involvement  in  the  implementation  of  new 
space  technologies  will  not  be  encouraged.  First,  negotiations 
presently  underway  generally  do  not  take  private  sectors 
interests  sufficiently  into  account.  In  addition  to  actions 
relating  to  the  adoption  of  the  potentially  restrictive 
principles  discussed  above  in  Sections  I - 1 1 1 of  Part  III, 
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specific  efforts  have  been  made  to  preclude  private  sector 
participation  in  both  direct  broadcasting  and  satellite  remote 
sensing.  The  reasons  for  these  tendencies  appear  to  be  three- 
fold. First,  the  negotiations  are  conducted  between  governments, 
and  most  delegations  do  not  have  national  private  sector 
interests  in  space  development  to  protect,  and  as  a result, 
advocate  policies  which  protect  national  interests  rather 
than  promote  commercial  development.  Second,  negative  attitudes 
toward  international  commercial  ventures  motivates  even  space 
powers  to  place  concern  regarding  international  repercussions 
above  national  commercial  interests.  Finally,  private  sector 
interest  in  participating  in  operational  space  activities  has 
been  somewhat  understated,  possibly  because  of  the  low  level 
of  market  development. 

The  lack  of  emphasis  on  private  sector  interests  in 
international  negotiations  is  complicated  by  the  demands  of 
less  developed  countries  to  treat  space  and  other  resources 
as  the  "common  heritage  of  mankind."  The  trend  toward  mandatory 
licensing  of  activities  relating  to  the  exploitation  of  seabed 
resources  may  be  extended  to  the  moon  and  other  celestial 
bodies.  The  allocation  of  geostationary  orbital  slots  by  the 
ITU  according  to  an  a priori  plan  rather  than  actual  use  is 
another  indication  of  the  trend  in  this  direction. 

Paralleling  the  evolution  of  the  "common  heritage"  concept 
is  a tendency  toward  international  policies  mandating  inter- 
national participation  and  sharing.  At  present,  the  trend  is 
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evident  in  proposals  relating  to  direct  broadcast  and  earth 
resources  satellite  activities.  The  "common  heritage"  approach 
to  disposition  of  lunar  resources  is  conceptually  similar. 

This  trend  could  lead  eventually  to  sharing  of  facilities, 
space  vehicles,  products,  and  perhaps  even  profits  of  space 
ventures.  Private  sector  participation  could  be  jeopardized 
by  any  of  those  results. 

Although  there  is  ample  evidence  to  support  the  existence 
of  these  tendencies,  their  strength  should  not  be  overestimated. 
First,  the  current  series  of  CPUOS  negotiations  has  been  in 
progress  for  a number  of  years,  and  final  resolution  of  out- 
standing issues  is  not  expected  for  some  time.  Until  those 
negotiations  are  completed,  dnect  impact  on  space  activities 
is  likely  to  be  somewhat  limited.  Second,  as  institution  of 
operational  services  becomes  imminent,  some  shifts  away  from 
restrictive  political  positions  toward  more  practical,  results- 
oriented  approaches  may  occur.  Consequently,  the  trends 
described  above  are  likely  to  be  reversible  under  appropriate 
conditions.  From  the  perspective  of  the  private  sector,  a 
thorough  evaluation  of  this  possibility  appears  desirable,  in 
light  of  the  possibility  that  advances  in  s^ace  technology  may 
create  attractive  business  opportunities. 

To  maximize  effectiveness,  the  suggested  approach  should 
focus  on  the  development  of  an  ability  to  respond  to  legal, 
institutional  and  policy  developments  which  will  either  affect 
particular  space  industrial  activities  directly  or  create 
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precedents  which  will  influence  future  policy  decisions.  Since 
space  services  are  likely  to  affect  both  national  and  inter- 
national interests,  the  scope  of  this  approach  should  encompass 
both  sets  of  considerations.  In  addition  to  the  international 
deliberations  described  in  the  present  memoradnum  which  are 
likely  to  influence  the  nature  and  scope  of  international 
activity,  national  policymaking  activities  are  currently 
underway,  especially  in  the  earth  resources  and  direct  broad- 
cast areas,  which  are  likely  to  affect  private  sector  interests 
in  a number  of  space  industrial  activities.  The  most  signifi- 
cant example  is  the  legislation  introduced  in  the  Senate  to 
establish  an  operational  earth  resources  satellite  system. 

In  order  to  preserve  its  option  to  participate  in  the  develop- 
ment of  outer  space,  the  private  sector  should  develop  the 
ability  to  respond  to  significant  initiatives  or  trends. 

This  response  cabability  should  be  based  on  adequate 
information.  Consequently,  effective  monitoring  activities 
are  considered  desirable.  The  objectives  of  those  activities 
should  be  to  identify: 

1.  significant  interests  affected  by  each  category  of 
space  industrial  activity; 

2.  main  actors,  both  institutions  and  individuals; 

3.  main  policy  considerations;  and 

4.  key  decision  points. 

To  achieve  the  necessary  level  of  effectiveness,  monitoring 
should  be  conducted  on  a systematic,  on-going  basis. 
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However,  a systematic  approach  is  difficult  because  of  the 
broad  array  of  material  considerations.  Consequently,  a means 
of  selecting  monitoring  activities  to  provide  both  manageability 
and  accuracy  must  be  developed.  There  are  management  tools 
which  permit  a comprehensive  view  of  the  process  of  developing 
a technology  from  initial  experimentation  through  operational 
implementation.  Such  a framework  could  facilitate  identification 
of  key  activities  and  trends  and  could  provide  the  basis  for 
anticipating  and  responding  to  developments  relevant  to  future 
space  industrial  efforts. 
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FOOTNOTES 


PART  1:  THE  CONCEPT  OF  SPACE  INDUSTRIALIZATION 


1.  For  a discussion  of  the  NASA  communication  satellite 

experimentation,  see  generally  D.  Smith,  Communication 
Satellite  User  Experimentation:  A Technology  in 

Transition  (to  be  published  in  197 7 J 7 

2.  See  Sections  I. A and  I.B.  in  Part  II  below. 

3.  See,  e.  g. , Environmental  Research  Institute  of  Michigan, 
Proceedings  of  the  International  Symposia  on  Remote  Sensing 
of  the  Environment  (1975  and  preceding  years) \ Proceedings 
of  the  NASA  Earth  Resources  Survey  Symposium,  Houston, 

Texas  (June,  l97!>);  NASA,  Office  of  Applications,  The  Space 
Applications  Program  1974  Ch.  3;  National  Academy  of 
Sciences,  National  Research  Council,  Resource  and  Environ- 
mental Surveys  from  Space  with  the  Thematic  Mapper  in  tlie 
1980s  (19761:  General  Electric  Space  Division,  Definition 
of  the  Total  Earth  Resources  System  for  the  Shuttle  Era 
(NASA  Contract  NAS  9-13401)  (March  1975).  ™ ~ ”” 

4.  For  a more  complete  listing  of  potential  products , see , 
e.g.,  National  Academy  of  Sciences,  Space  Applications 
Board,  Practical  Applications  of  Space  Systems,  Supporting 
Paper  No.  9,  "Materials  Processing  in  Space'1  (1975);  "NASA 
Seeks  Industry  Space  Processors,"  Aviation  Week  and  Space 
Technology , January  26,  1975,  at  46-61. 
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PART  II;  INTERNATIONAL  AGREEMENTS 
APPLICABLE  TO  SPACE  INDUSTRIALIZATION 


1.  Treaty  on  Principles  Governing  the  Activities  of  States 
in  the  Exploration  and  Use  of  Outer  Space,  Including  the 
Moon  and  Other  Celestial  Bodies,  January  27,  1967,  [1967] 

18  U.S.T.  2410,  T.I.A.S.  634,  610  U.N.T.S.  205,  entered 
into  force  for  the  United  States  on  October  10,  1967 
[hereinafter  referred  to  as  the  Outer  Space  Treaty].  The 
materials  in  Part  II  are  adapted  in  part  from  D.  D.  Smith, 
"The  Status  of  Solar  Power  Systems  under  International 
Space  Law,"  March  9,  1977. 

2.  Convention  on  International  Liability  for  Damage  Caused  by 
Space  Objects,  March  29,  1972,  24  U.S.T.  2389,  T.I.A.S. 

7762,  entered  into  force  for  the  United  States  on  October  9, 
1973. 

I.  TREATY  ON  PRINCIPLES  GOVERNING  THE  ACTIVITIES  OF  STATES  IN 
THE  EXPLORATION  AND  USE  OF  OUTER  SPACE,  INCLUDING  THE  MOON 
AND  OTHER  CELESTIAL  BODIES 

1.  See  the  discussion  of  the  "peaceful  uses"  requirement  below 
tKe  text  of  the  present  section  accompanying  footnotes  in 
Section  I. A. 2. 

2.  M.  Markoff,  Disarmament  and  "Peaceful  Purposes"  Provisions 
in  the  1967  Outer  Space  Treaty,  4 Journal  of  Space  Law  3, 

U (1976). 

3.  P.  Dembling  and  D.  Arons,  The  Evolution  of  the  Outer  Space 
Treaty,  33  Journal  of  Air  Law  and  Commerce  419,  429-30 
(1967),  and  authority  cited  there. 

4.  Markoff,  supra  note  2,  at  13-14;  M.  Markov,  Implementing 
the  Contractual  Obligation  of  A'i.  I,  Par.  1 of  the  Outer 
Space  Treaty  of  1967,  in  Proceedings  of  the  Seventeenth 
Colloquium  on  the  Law  of  Outer  Space  136,  137  (1976)  ; 

FT  Dauses,  The  Relative  Autonomy  of  Space  Law,  in  Proceedings 
of  the  Eighteenth  Colloquium  on  the  Law  of  Outer  Space  75,  /9 

irwr — — 

5.  See  E.  Fasan,  Utilization  of  Energy  From  Space  --  Some 
Legal  Questions,  in  Proceedings  of  the  Eighteenth  Colloquium 
on  the  Law  of  Outer  Space  2,  5 (1976). 
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6.  M.  Markov,  Implementing  the  Contractual  Obligation  of 

Art.  I,  Par.  1 of  the  Outer  Space  Treaty  of  1967,  in 
Proceedings  of  the  Seventeenth  Colloquium  on  the  Law  of 
Suiter  Space'  1T6,  137-138  (1975). 

7.  See,  e. g. , Treaty  on  Remote  Sensing  of  Natural  Resources 

by  Means  of  Space  Technology:  Draft  Basic  Articles, 

Submitted  jointly  by  Argentina  and  Brazil,  U.N.  Doc. 

A/C. 1/1047  (1974),  arts.  VII,  VIII,  XI  and  XII;  Working 
Paper  Submitted  by  France  to  the  Second  Session  of  the 
Working  Group  on  Direct  Broadcast  Satellites,  U.N.  Doc. 
A/AC. 105/62,  June  30,  1969. 

8.  Sec,  e. g. , Markov,  supra  note  6,  at  137-38. 

9.  See  Revised  Single  Negotiating  Text,  Third  United  Nations 
Conference  on  the  Law  of  the  Sea  (1976),  Part  I. 

10.  See  the  discussion  of  the  direct  broadcast  satellite 
controversy  in  the  United  Nations  in  Part  III,  Section  I, 
below. 

11.  See  the  discussion  of  the  earth  resources  satellite  contro- 
versy in  the  United  Nations  in  Part  III,  Section  II,  below. 

12.  E. g.  , M.  Markoff,  Disarmament  and  "Peaceful  Purposes" 
Provisions  in  the  1967  Outer  Space  Treaty,  4 Journal  of 
Space  Law  3-22  (1976);  M.  Markoff,  Implementing  the 
Contractual  Obligation  of  Art.  I,  Par.  1 of  the  Outer 
Space  Treaty  of  1967,  in  Proceedings  of  the  Seventeenth 

. Colloquium  on  the  Law  of  Outer  Space  136,  139  (l$7S); 

M.  Niciu,  What  is  the  Meaning  of  the  Use  of  Cosmos 
Exclusively  for  Peaceful  Purposes,  in  id.,  at  224,  228. 

13.  The  validity  of  this  assumption  is  central  to  the  subject 
matter  of  Section  I.D.  below  and  is  examined  more  fully 
there. 

14.  See,  e. g. , Markoff,  supra  note  12,  at  6-8;  M.  Dauses,  The 

Relative  Autonomy  of Space  Law,  in  Proceedings  of  the 
Eighteenth  Colloquium  on  the  Law  of  Outer  Space  75,  78-79 
(f 97  6T 

15.  See  authorities  cited  in  footnote  12. 

16.  Markoff,  supra  note  12,  at  21. 

17.  See  id. , at  11. 

18.  Niciu,  supra  note  12,  at  299. 
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19.  Markoff,  supra  note  12,  at  10. 

20.  Idi.  , at  7. 

21.  Id. 

22.  The  Treaty  Prohibiting  the  Placing  of  Any  Nuclear  and 
Other  Kinds  of  Weapons  of  Mass  Destruction  on  the  Sea  and 
Ocean  Bed  as  well  as  in  Their  Subsoils,  adopted  in  U.N.G.A. 
Resol.  2660  (XXV)  on  December  7,  1970,  establishes  the 
principle  that  certain  areas  shall  be  used  exclusively  for 
peaceful  purposes. 

Article  2 of  the  United  Nations  Convention  on  the 
High  Seas,  [1962]  13  U.S.T.  2312,  T.I.A.S.  No.  5200,  45 
U.N.T.S.  72  (in  force  September  50,  1964),  lists  four 
specific  freedoms  of  the  high  seas  and  continues: 

These  freedoms,  and  others  which  are  recognized 
by  the  general  principles  of  international  law, 
shall  be  exercised  by  all  states  with  reasonable 
regard  to  the  interests  of  other  states  in  their 
exercise  of  freedom  of  the  high  seas. 

The  right  to  mine  the  seabed  of  the  high  seas  is  one  of 
those  "other”  freedoms.  In  its  1950  and  1951  Reports,  the 
International  Law  Commission  specifically  listed  mineral 
exploitation  as  one  of  the  freedoms  ot  the  sea.  See 
Laylin's  comment  in  "Discussion,"  The  Law  of  The  Sea, 
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seabed  when  it  provides  for  preventing  pollution  from 
such  activity.  Article  24  states:  "Every  state  shall 

draw  up  regulations  to  prevent  pollution  of  the  seas  * * * 
resulting  from  the  exploitation  and  exploration  of  the 
sea-bed  and  its  subsoil  * * *." 

23.  The  legality  of  placing  such  installations  or  weapons 
systems  in  orbit  is  considered  below  in  Section  I.D. 

24.  Sec,  c.j^,  B.  Dudakov,  International  Legal  Problems  in 
the  Use  of  the  Geostationary  Orbit,  in  Proceedings  of  the 
Fifteenth  Colloquium  on  the  Law  of  Outer  Space  7l  (1973) . 
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Convention  is  likely  to  exert  on  space  industrialization, 
sec  Section  II  of  Part  II  below. 
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51.  See,  e . g . , Glaser,  Perspectives,  sup  note  35,  at  8-10; 
ATAA  technical  Committee  on  Electric  Power  Systems,  supra 
note  30,  at  69. 

52.  Dudakov,  supra  note  25,  at  71-72. 

53.  De.abling  and  Arons,  supra  note  47,  at  441. 

54.  For  a discussion  of  the  scope  and  content  of  the  consulta- 
tion provisions,  see,  e. g. , J.  Sztucki,  International 
Consultations  and  Space  Treaties,  in  Proceedings  of  the 
Eighteenth  Colloquium  on  the  Law  of  Outer  Space  166-200 
(1976) ; 1.  Here z eg,  Provisions  of  the  Space  Treaties  on 
Consultation,  in  Proceedings  of  the  Seventeenth  Colloquium 
on  the  Law  of  Outer  Space  141-146  (1975). 

55.  Dembling  and  Arons,  supra  note  47,  at  441. 

56.  See  Section  I.A.l.  above. 

57.  See  the  text  accompanying  footnote  51. 

58.  J.  Sztucki,  International  Consultations  and  Space  Treaties, 
in  Proceedings  of  the  Eighteenth  Colloquium  on  the  Law  of 
Outer  Space  166,  180  (19/6) . 

59 . Ul . , at  183 . 

60.  Id. , at  177. 

61.  Id. 

62.  li  ■ g . , id.  , at  169,  174. 

63.  Id.,  at  184.  However,  when  consultations  fail  to  achieve 
the  desired  results,  resort  to  the  provisions  of  Chapter  6 
of  the  United  Nations  Charter  may  be  appropriate.  I. 
Herczeg,  Provisions  of  the  Space  Treaties  on  Consulta- 
tion, in  Proceedings  of  the  Seventeenth  Colloquium  on  the 
Law  of  Outer  Space  141,  145  (19/5) . 

64.  Sztucki,  si pra  note  58,  at  183. 

65.  Hcrczcg,  supra  note  63,  at  143. 
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II. 


CONVENTION  ON  INTERNATIONAL  LIABILITY  FOR  DAMAGE  CAUSED 
BY  SPACE  OBJECTS 


1.  For  a summary  of  the  CPUOS  activities  in  relation  to  the 

Convention,  see  Senate  Committee  on  Aeronautical  and  Space 
Sciences,  Convention  on  International  Liability  for  Damage 
Caused  by  Spacu  Objects:  Analysis  and  Background  t)ata  9zd 

Cong.,  2d  Sess.,  8-10  (1972)  (hereinafter  cited  as  Senate 
Committee  Report). 

2.  Convention  on  International  Liability  for  Damage  Caused  by 
Space  Objects,  March  29,  1972,  24  U.S.T.  2389,  T.I.A.S. 

7762  (hereinafter  referred  to  as  Liability  Convention). 

3.  Senate  Committee  Report,  supra  note  1,  at  23-24. 

4.  See,  e . g . , Glaser,  Perspectives,  supra  note  1,  at  8-10; 

AlAA  Technical  Committee  on  Electric  Power  Systems,  Solar 
Energy  for  Earth:  An  AIAA  Assessment  69  (1975);  P.  Sand, 

Space  Programs  and  International  Environment  Protection, 
in  Proceedings  of  the  Fourteenth  Colloquim  on  the  Law  of 
Outer  Space  79,  §0-85  (1972);  F.  Zwicky,  Examples  of  ~ 
Activities  in  Extraterrestrial  Space  Which  Might  be  Judged 
Harmful,  Harmless,  Useful  or  Either  One  of  These,  Depending 
on  the  Viewpoint,  in  Proceedings  of  the  Fifteenth  Colloquium 
on  the  Law  of  Outer  Snace~ 259-266  (1 973) ; 1 . M.  Dicderiks - 
Verschoor , The  Legal  Aspects  of  Space  Activities  with 
Potentially  Harmful  Effects  on  the  Earth  and  Space  Environ- 

' ments,  in  _id . , at  268,  269-71. 

5.  See,  e . g ■ , S.  Gorove,  Some  Comments  on  the  Convention  on 
International  Liability  for  Damage  Caused  by  Space  Objects, 
in  Proceedings  of  the  Sixteenth  Colloquium  on  the  Law  of 
Outer  Space  2 5 3 (1974);  J.  kajski.  Convention  on  Interna- 
tional Liability  for  Damage  Caused  by  Space  Objects  --An 
Important  Step  in  the  Development  of  the  International 
Space  Law,  in  Proceedings  of  the  Seventeenth  Colloquium 

on  the  Law  of  Outer  Space  24"5  (1975)  - 

6.  Gorove,  supra  note  5,  at  253. 

7.  Id. , at  253-54. 

8.  See  Section  II. B.  below. 

9.  See  I.  Diederiks-Verschoor , The  Convention  on  International 
Liability  Caused  by  Space  Objects,  in  Proceedings  of  the 
Fifteenth  Colloquium  on  the  Law  of  Outer  Space  96,  97  (1973) . 
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10.  Senate  Committee  Report,  supra  note  1,  at  25. 

11.  Diederiks-Verschoor , supra  note  9,  at  97. 

12.  Senate  Committee  Report,  supra  note  1,  at  25. 

13.  Under  the  absolute  liability  approach,  the  demonstration 
of  those  elements  by  a preponderance  of  the  credible 
evidence  would  be  sufficient  to  establish  liability. 
However,  the  question  has  been  raised  whether  a simple 
allegation  or  the  relative  probability  of  the  existence 
of  a causal  relationship  is  sufficient.  See , e. g. , 

I.  Herczeg,  Some  Problems  of  the  Convention  on  Liability 
Arising  from  Space  Activities,  in  Proceedings  of  the 
Fifteenth  Colloquium  on  the  Law  of  Outer  Space  111,  112 

TTS73T. 

14.  Diederiks-Verschoor , supra  note  9,  at  97. 

15.  Senate  Committee  Report,  supra  note  1,  at  26;  I.  Herczeg, 
supra  note  13,  at  113. 

16.  N.  Poucantzas,  Some  Remarks  on  the  Convention  on  Inter- 
national Liability  Caused  by  Space  Objects,  in  Proceedings 
of  the  Fifteenth  Colloquium  on  the  Law  of  Outer  Space  130, 

T3TTT973T: 

17.  Senate  Committee  Report,  supra  note  1,  at  27. 

18.  Id. , at  27-28. 

19.  Herczeg,  supra  note  13,  at  113. 

20.  Senate  Committee  Report,  supra  note  1,  at  29. 

21.  Raj  ski,  supra  note  5,  at  250. 

22.  Senate  Committee  Report,  supra  note  1,  at  31. 

23.  Diederiks-Verschoor,  supra  note  9,  at  101. 

24.  E ♦ g ♦ , W.  W.  Bishop,  International  Law  631  (1962)  and 
authorities  cited  there  in  note  1 T\  M.  Sorensen,  ed., 
Manual  of  Public  International  Law  575  (1968). 

25.  E. g ■ , Sorensen,  supra  note  24,  at  582-84. 
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III.  INTERNATIONAL  TELECOMMUNICATION  CONVENTION  AND  ITU 
RADIO  REGULATIONS 


1.  International  Telecommunication  Convention  (Torremolinos- 
Malaga  1973),  entered  into  force,  January  1,  1975. 

2.  The  Convention  and  Radio  Regulations  also  play  a signifi- 
cant role  in  the  allocation  of  the  electromagnetic  spectrum 
and  would  therefore  affect  the  communications  activities 
related  to  the  industrialization  of  outer  space.  However, 
the  effect  of  the  Convention  and  Radio  Regulations  on 
communications  is  beyond  the  scope  of  the  present  memorandum. 

3.  See  Sections  I. A.,  I.B.,  and  I.H.  in  Part  II  above. 

4.  J.  Busak,  Geostationary  Satellites  and  the  Law,  39  Tele- 
communications Journal  487  (1972)  and  authority  cited  there. 

5.  See,  e. g.  , Comment,  Utilization  of  the  Geostationary  Orbit  -- 
A iVeed  for  Orbital  Allocation,  13  Columbia  Journal  of 
Transnational  Law  98,  103n.  30  (197T)T 

6.  For  an  excellent  discussion  of  the  characteristics,  capacity 
and  technical  considerations  affecting  the  use  of  the 
geostationary  orbit,  see  J.  Gehrig,  Geostationary  Orbit  -- 
Technology  and  Law,  in  Proceedings  of  the  Nineteenth 
Colloquium  on  the  Law  of  Outer  Space  267,  268-272  (T977) • 

7. '  See  Partial  Revision  of  the  Radio  Regulations,  Geneva, 

1959,  Nov.  8,  1963,  [19641  1 U.S.T.  887,  T.I.A.S.  No.  5603. 

8.  Comment,  supra  note  5,  at  101;  and  Partial  Revision  of 
the  Radio  Regulations,  supra  note  7,  arts.  5,  9A. 

9.  E.  Valters,  Perspectives  in  the  Emerging  Law  of  Satellite 
Communications,  5 Stanford  Journal  of  International  Studies 
53,  76-77  (1970). 

10.  Comment,  supra  note  5,  at  102. 

11.  Id. , at  104. 

12.  Id. , at  107.  For  a summary  record  of  the  1971  WARC-ST, 
see  "The  World  Administrative  Radio  Conference  for  Space 
Telecommunications,"  38  Tclccommunicat ions  Journal  673- 
82  (1971). 
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13.  In  its  revised  form,  Article  9A  provided: 

Section  I.  Procedure  for  the  Advance  Publi- 
cation of  Information  on  Planned  Satellites  Systems 
(1)  An  administration  (or  one  acting  on  behalf 
of  a group  of  named  administrations)  which  intends 
to  establish  a satellite  system  shall,  prior  to 
the  co-ordination  procedure  in  accordance  with 
No.  639  AJ  where  applicable,  send  to  the  International 
Frequency  Registration  Board  not  earlier  than  five 
years  before  the  date  of  bringing  into  service  each 
satellite  network  of  the  planned  system,  the  infor- 
mation listed  in  Appendix  IB. 

Section  II.  Co-ordination  Procedures  to  be 
Applied  in  Appropriate  Cases 

(1)  Before  an  administration  notifies  to  the 
Board  or  brings  into  use  any  frequency  assignment 
to  a space  station  on  a geostationary  satellite 
or  to  an  earth  station  that  is  to  communicate 
with  a space  station  on  a geostationary  satellite, 
it  shall  effect  co-ordination  of  the  assignment 
with  any  other  administration  whose  assignment 
in  the  same  band  for  a space  station  on  a geo- 
stationary satellite  or  for  an  earth  station  that 
communicates  with  a space  station  on  a geostation- 
ary satellite  is  recorded  in  the  Master  Register, 
or  has  been  co-ordinated  or  is  being  co-ordinated 
under  the  provisions  of  this  paragraph.  For 
this  purpose,  the  administration  requesting 
co-ordination  shall  send  to  any  other  such  adminis- 
tration the  information  listed  in  Appendix  1A. 

Final  Acts  of  the  World  Administrative  Radio 
Conference  for  Space  Telecommunications,  Geneva,  1971. 

14.  Regarding  the  role  of  the  ITU  and  the  IFKB  in  the  management 
of  the  radio  spectrum,  see  Comment,  The  Role  of  the 
International  Telecommunications  Union  in  the  Settlement 

of  Harmful  Interference  Disputes,  13  Columbia  Journal  of 
Transnational  Law  82-97  (1974);  D.  Smith,  International 
telecommunication  Control  29-35  (1969);  D.  Leive,  Regulating 
the  Use  of  the  Radio  Spectrum,  5 Stanford  Journal  of 
International  Studies  21,  26-39  (1970) . 

15.  Busak,  supra  note  4,  at  480. 

16.  Gehrig,  supra  note  6,  at  273. 

17.  See  Busak,  supra  note  4,  at  489. 

18.  Comment,  supra  note  5,  at  107. 
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19.  Comment,  supra  note  5,  at  103  n.  33. 

20.  W.  von  Kries,  Legal  Status  of  the  Geostationary  Orbit,  in 

Proceedings  of  the  Eighteenth  Colloquium  on  the  Law  of 
Outer  Spkce  27, " 33  (1376). 

21.  The  agenda  for  the  WARC-BS  is  reported  in  ’’Broadcasting 
Satellite  Conference,"  43  Telecommunications  Journal  703 
(1976);  see  also  ITU  Broadcasting  Satellite  Conference, 
Document  No.  lSl-E  submitted  by  Austrialia,  January  31, 
1977,  at  1. 

22.  U.N.  Doc.  A/C. 1/PV. 2049,  October  13,  1975,  at  43-46. 

23.  See  ITU  Broadcasting  Satellite  Conference  Paper  No.  229-E 
submitted  by  Ecuador,  February  4,  1977,  at  1. 

24.  "Meeting  of  the  CCIR  Study  Groups  Joint  Working  Party  for 
the  1977  WARC-BS  (12  GHz  Band),  43  Telecommunications 
Journal  613,  614  (1976). 

25.  Id. 

26.  "WARC:  it  appears  ’basic  interest’  was  protected," 

Broadcasting , February  21,  1977,  at  71-72. 

27.  The  agenda  of  any  WARC  may  be  changed  in  accordance  with 
Nos.  219-221  of  the  International  Telecommunication 
Convention. 

28. '  "31st  Session  of  ITU  Administrative  Council,"  43  Tele- 

communication Journal  565  (1976). 

29.  See  the  text  accompanying  notes  13-14  above. 

30.  For  a comprehensive  discussion  of  these  experiments,  see 
D.  Smith,  Communication  Satellite  User  Experimentation : 

A Technology  in  Transition  Chs.  8 and  9 (to  f>e  published 
in  ly7?V 

31.  Sec , e ♦ g . , "NASA  Administrator  and  Japanese  space  officials 
meet,"  42  Telecommunications  Journal  48  (1975);  "Japan 
Satcom  design  con  tract,"  1 n i d '.  , aT~ 363. 

32.  A.  Whcelon,  "How  Worldwide  Communication  Satellite  Services 
Will  Expand  in  Next  Decade,"  Communication  News,  January 
1976,  at  16. 

33 . _I_cl . , at  17. 

34.  Id. 
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PART  III  FOOTNOTES 


I.  IMPLICATIONS  OF  THE  CPUOS  DEBATES  ON  DIRECT  SATELLITE 

BROADCASTING  FOJTSPAT^  "7NMJSTRT  ALfZAT  I ON 


1.  For  a comprehensive  discussion  of  the  ATS  and  CTS  programs, 
see,  D.  Smith,  Communication  Satellite  User  Experimentation: 

A Technology  in  Transition  Chs.  3-9  (to  be  published  in  1977) . 
The  materials  in  Fart  111  are  adapted  in  part  from  D.  Smith, 
Communication  Via  Satellite:  A Vision  in  Retrospect  (1976) 

Ch . 5T  ~ 

2 . American  Society  of  International  Law,  Panel  on  International 

Telecommunications  Policy,  Direct  Broadcasting  from 
Satellites:  Policies  and  Problems  9 (1974). 

3.  G. A.  Res.  2453  (B) , 23  IJ.N.  GAOR  Supp.  18,  at  10-11, 

U.N.  Doc.  A/7218  (1968).  For  a history  of  the  CPUOS 
direct  broadcast  debates,  see  D.  Smith,  Communications 
Via  Satellite:  A Vision  in  Retrospect  Ch.  8 (1976). 

Excerpts  of  that  chapter  are  used  here  by  permission  of 
A.W.  Sijthoff  Company. 

4.  U.S.S.R.,  "Draft  Convention  on  Principles  Governing  the 
Use  by  States  of  Artificial  Earth  Satellites  for  Direct 
Television  Broadcasting,"  reprinted  in  U.N.,  General  Assembly, 
Report  of  the  Working  Group  on  Direct  Broadcast  Satellites 

. on  the  Work  of  its  Fourth  Session,  U N.  Doc.  A/AC . 105/117- 
(1073),  Annex  III  (hereinafter  cited  as  Fourth  Working 
Group  Report) . 

5.  U.N.  General  Assembly,  Minister  for  Foreign  Affairs  of 
the  U.S.S.R.,  Request  for  the  Inclusion  of  a Supplementary 
Item  in  the  Agenda  of  the  Twenty-Seventh  Session,  U.N.  Doc. 

A7B77I  TT97TJ7  a FT -'2'. 

6.  Soviet  Draft  Convention,  Fourth  Working  Group  Report,  supra 
note  4 , Art .V. 

7.  Id. , Art.  III. 

8.  Id. , Art.  IX. 

9.  U.N.  General  Assembly,  Minister  for  Foreign  Affairs  of  the 
U.S.S.R.,  Request  for  the  Inclusion  of  a Supplementary  Item 
in  the  Agenda,  supra  note  5,  at  T. 

10.  K.  Queeney,  "An  Analysis  of  the  Role  of  the  United  Na' ions 
in  the  Formulation  of  Principles  Governing  Direct  Broadcast 
Satellites,"  Unpublished  Ph.D.  dissertation,  Ohio  University, 
March  1975,  at  195. 

11.  G. A.  Res.  2916,  27  U.N.  GAOR  Supp.  30,  at  14,  U.N.  Doc. 

A/8730  (1972). 
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12.  U.S.S.R.,  "Principles  Governing  the  Use  by  States  of 
Artificial  Earth  Satellites  for  Direct  Television  Broad- 
casting,” reprinted  in  U.N.  General  Assembly,  Report 

of  the  Working  Group  on  Direct  Broadcast  Satellites  on  the 
Work  of  its  Fifth  Session,  U.N.  Doc.  A/AC. 105/127  (1074), 
Annex  II.  1 

13.  The  text  of  Article  VI  is  reproduced  in  the  text  following 
footnote  46. 

14.  Soviet  Draft  Declaration  of  Principles,  supra  note  72, 

Art.  VIII  (2) . 

15.  Compare  Art.  V of  the  Soviet  Draft  Convention,  U.N.,  supra 
note  44,  Annex  III,  with  Art.  V of  the  Soviet  Draft 
Declaration  of  Principles,  supra  note  72,  Annex  II. 

16.  See  the  text  accompanying  footnotes  8-10. 

17.  Soviet  Draft  Declaration,  supra  note  12,  Art.  IX(1). 

18.  Swedish-Canadian  "Draft  Principles  Governing  Direct  Televi- 
sion Broadcasting  by  Satellite,"  in  Fourth  Working  Group 
Report , supra  note  4,  Annex  IV. 

19.  Id. , Art.  V. 

20.  Id.,  Art.  VIII. 

21. '  Compare  Soviet  Draft  Convention,  Fourth  Working  Group 

Report , supra  note  4,  Art.  VI,  with  the  Swedish-Canaaian 
Draft  Principles , i^d . , Annex  IV,  Art.  VIII. 

22.  Id. , Art.  VI. 

23.  Id_.  , Art.  X. 

24.  The  United  States  of  America,  "Draft  Principles  on  Direct 
Broadcast  Satellites,"  U.N.  Doc.  A/AC. 105/WG . 3 (V) /CRP. 2 
(March  1974),  reprinted  in  U.N.  General  Assembly,  Report 
of  the  Working  Group  on  Direct  Broadcast  Satellites  on  the 
Work  of  its  Fifth  Session,  supra  note  12,  Annex  IV. 

25.  .Id.  , Arts.  I and  II. 

26.  Ld. , Arts.  Ill  and  IV. 

27.  Id.,  Art.  IV. 

28.  Id. , Art.  V. 
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29. 

Id.  , 

Arts.  VI-IX. 

30. 

Id.  , 

Art.  X. 

31. 

Id.  , 

Art.  XI. 

32.  Fifth  Working  Group  Report,  supra  note  12,  at  10. 

33.  Id. 

34.  U.N.  General  Assembly,  Report  of  the  Legal  Sub-Committee 
Report  on  the  Work  of  its  Fourteenth  Session,  U.N.  Doc . 

A/AC. 105/14?  (10/$),  Annex  II,  at  1-2  (hereinafter  cited 
as  Fourteenth  Legal  Sub-Committee  Report) . 

35.  U.N.  General  Assembly,  Report  of  the  Legal  Sub-Committee 

on  the  Work  of  its  Fifteenth  Session,  U.N.  Doc . A/ AC .105/171 
(1976),  Annex  II,  at  1 (hereinafter  cited  as  Fifteenth 
Legal  Sub-Committee  Report) . 

36.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34, 

Annex  II,  at  2^ 

37.  Id. 

38.  Id. 

39.  Treaty  on  Principles  Governing  the  Activities  of  States 
in  the  Exploration  and  Use  of  Outer  Space,  Including  the 
Moon  and  Other  Celestial  Bodies,  January  27,  1967,  [1967] 

.IS  U.S.T.  2410,  T.I.A.S.  634,  610  U.N.T.S.  205,  entered 
into  force  for  the  United  States  on  October  10,  1967. 

40.  Fifteenth  Legal  Sub-Committee  Report,  supra  note  35, 

Annex  II,  at  1-2. 

41 . LJ . , at  2 . 

42.  Fifth  Working  Group  Report,  supra  note  12,  at  11. 

43.  Id. 

44.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34, 

Annex  I f , it  Z . 

: 5 . Sec  "Model  General  Principles  for  the  Use  of  Artificial 
Earth  Satellites  for  Radio  and  Television  Broadcasting," 

U.N.  General  Assembly,  Report  of  the  Working  Group  on  Direct 
Broadcast  Satellites  on  the  Work  of  its  Third  Session, 

U.N.  Doc. 'A/ AC. 105/83  (1970),  Annex  IV,  at  27.  1972“ 

Soviet  Draft  Convention,  supra  note  4,  Art.  XII:  "Principles 
Governing  the  Use  of  States  of  Artificial  Earth  Satellites  for 
Direct  Television  Broadcasting,"  Fifth  Working  Group  Report, 
supra  note  12,  Annex  II,  Art.  VII. 
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46.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34, 
Annex-!!,  at  2. 

47.  Fifteenth  Legal  Sub -Commit tee  Report,  supra  note  35, 

Annex  II,  at  2. 

48.  Fifth  Working  Group  Report,  supra  note  12,  at  11. 

*9.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34, 

Annex  II,  at  3. 

50.  Fifteenth  Legal  Sub -Committee  Report,  supra  note  35, 

Annex  It,  at  2. 

51.  Fifth  Working  Group  Report,  supra  note  12,  at  13.  Art,  VI 
of  the  Outer  Spars  Treaty  provides : 

States  Parties  to  the  Treaty  shall  bear  international 
responsibility  for  national  activities  in  outer 
space,  including  the  moon  and  other  celestial  bodies, 
whether  such  activities  are  carried  on  by  governmental 
agencies  or  by  non-governmental  entities,  and  for 
assuring  that  national  activities  are  carried  out  in 
conformity  with  the  provisions  set  forth  in  the  present 
Treaty.  The  activities  of  non-governmental  entities 
in  outer  space,  including  the  moon  and  other  celestial 
bodies,  shall  require  authorization  and  continuing 
supervision  by  the  State  concerned.  When  activities 
are  carried  on  in  outer  space,  including  the  moon  and 
other  celestial  bodies,  by  an  international  organiza- 
tion, responsibility  for  compliance  with  this  Treaty 
shall  be  borne  both  by  the  international  organization 
and  by  the  States  Parties  to  the  Treaty  participating 
in  such  organization. 

52.  hi. , at  13.  Consensus  was  also  reached  on  the  need  to 
resolve  disputes  through  established  international 
procedures.  Id.,  at  19. 

53.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34, 

Annex  II,  at  3. 


54.  Id. 


55.  Fifteenth  Legal  Sub-Committee  Report,  supra  note  35, 
Annex  II,  at  2. 

56.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34, 
Annex  II,  at  5. 

57.  Fifteenth  Legal  Sub-Committee  Report,  supra  note  35, 

Annex  It,  at  2.  ~ 
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58.  Fifth  Working  Group  Report,  supra  note  12,  at  13-14. 

59.  Id.,  at  13.  See  also  the  text  accompanying  notes  41-43. 

60.  Id. , at  14. 

61.  Id.,  at  14-15.  Article  19  of  the  Universal  Declaration 
o7  Human  Rights  provides: 

Everyone  has  the  right  to  freedom  of  opinion  and 
expression;  this  right  includes  freedom  to  hold 
opinions  without  interference  and  to  seek,  receive 
and  impart  information  and  ideas  through  any  media 
and  regardless  of  frontiers. 

62.  Id. , at  15. 

63.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34, 

Annex  I I , at  3 . 

64.  Fourth  Working  Group  Report,  supra  note  4,  Annex  IV,  at  1-4. 

65.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34 ; 

Annex  II,  at  5-4. 

66.  Idl. , at  4 . 

67.  Id.,  Annex  II,  at  3-4;  Fifteenth  Legal  Sub-Committee  Report, 
supra  note  35,  Annex  II , at  3-4 . 

68.  Fifth  Working  Group  Report,  supra  note  12,  at  16. 

69.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34, 

Annex  11,  at  4. 

70.  Id. 

71.  See,  e ♦ g . , Fourteenth  Legal  Sub-Committee  Report,  supra 
note  347  Annex  II,  at  4. 

72.  Fifteenth  Legal  Sub-Committee  Report,  supra  note  35, 

Annex  1 1 , at  3. 

73.  Fifth  Working  Group  Report,  supra  note  12,  at  17. 

74.  Compare  the  listing  in  ibid.,  with  Arts.  IV  and  VI  of  the 
Soviet  Draft  Convention,  U.N.  General  Assembly,  Fourth 
Working  Group  Report,  supra  note  44,  Annex  III,  and  with 
Art . IV  of  tne  Soviet  Draft  Declaration  of  Principles, 

U.N.  General  Assembly,  Fifth  Working  Group  Report,  supra 
note  12,  Annex  II. 
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75.  Fifth  Working  Group  Report,  supra  note  12,  at  17. 

76.  Id. 

77.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34, 

Annex  777  at  4. 

78.  Id. 

79.  Fifth  Working  Group  Report,  supra  note  12,  at  18. 

80.  Id. 

81.  Id. 

82.  Fifteenth  legal  Sub-Committee  Report,  supra  note  35,  Annex  II,  at  4* 

83.  Compare  Fourteenth  Legal  Sub-Committee  Report,  supra 
note  34,  Annex  11,  at  4-5,  with  Soviet  Draft  Principles , 

Fifth  Working  Group  Report,  supra  note  12,  Annex  II,  at  2, 

Art.  Vl. 

84.  Fourteenth  Legal  Sub-Committee  Report,  supra  note  34, 

Annex  It,  at  4 - 5 . 

85.  Compare  id.,  at  5,  with  Soviet  Draft  Principles,  in  Fifth 
Working  Sroup  Report,  supra  note  12,  Annex  II,  Art.  IX(l) . 

Article  33  of  the  United  Nations  Charter  calls  upon  nations 
to  employ  "negotiations,  enquiry,  mediation,  conciliation, 
arbitration,  judicial  settlement,  resort  to  regional  agencies 
or  arrangements,  ..."  before  any  other. 

86.  For  a discussion  of  the  ATS  1,  3,  5 and  6 experiments,  see 

D.  Smith,  Communication  Satellite  User  Experimentation:  A 

Technology  in  Transition  Cfts . 3-7,  9 (to  be  published  in  1977). 

87.  For  a more  complete  discussion  of  the  SITE  experiments  see 
id. , Ch.  VII. 

88.  U.N.,  Committee  on  the  Peaceful  Uses  of  Outer  Space,  Report 
of  the  United  Nations  Panel  Meeting  on  Satellite  BroaiT^ 
casting  Systems  for  Education,  U.NT  Doc.  A/AC.105/l28 
(1974),  Annex  T~,  at  3 (hereinafter  cited  at  U.N.  Panel 
Report ) . 


00 

30 

Id . , 

at  5. 

90. 

Id.  , 

at  4 , 

and  Annex  I , at  1 . 

91. 

Id.  , 

Annex 

I,  at  1-2. 
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92.  Id.,  at  9-10. 

93.  U.N.  General  Assembly,  Report  of  the  Working  Group  on 
Direct  Broadcast  Satellites  on  the  Work  of  its  First~Sessiont 
U.N.  Doc.  A/ AC. 105/51  (1969) , para . 9 [a]  (hereinafter  cited 
as  First  Working  Group  Report). 

94.  Ithiel  de  Sola  Pool,  "The  Satellite  Broadcast  Controversy," 
M.I.T.:  A Report  for  the  Center  for  International  Studies 
(1974),  at  26. 

95.  ASH  Direct  Broadcasting  from  Satellites,  supra  note  2, 
at  5. 

96.  Sec  the  "Memorandum  of  Understanding  Between  the  Department 
of  Atomic  Energy  of  the  Government  of  India  and  the  United 
States  National  Aeronautics  and  Space  Administration," 

18  September  1969,  para.  3.2. 

97.  U.N.  Panel  Report,  supra  note  88,  at  19. 

98.  Id. 

99.  Id.,  at  20. 

'00.  Comment  of  Nandasiri  Jasentuliyana , in  Panel  Discussion, 
"Direct  Satellite  Broadcasting  and  the  Third  World," 

13  Columbia  Journal  of  Transnational  Law  60  (1974). 

101.  First  Working  Group  Report,  supra  note  93,  para.  8. 

102.  The  frequencies  allocated  range  from  620  MHz  to  86  GHz, 
and  stai dard  UHF  television  transmissions  occur  in  the 
450  MHz  to  900  MHz  range.  See  "The  World  Administrative 
Radio  Conference  for  Space  Telecommunications,"  38  Tele- 
communications Journal,  678-79  (1971);  see  also  A. 

Chayes,  and  L.  Chazen,  "Policy  Problems  in  Direct  Broad- 
casting from  Satellites,"  5 Stanford  Journal  of  Inter- 
national Studies  10  (1970). 

103.  See  D.  Smith,  Communications  Via  Satellite:  A Vision  in 

Retrospect  195-96  (1976) . 

104.  Sec  Section  II. B.  in  Part  III. 

105.  Sec,  for  example,  the  Soviet  Draft  Declaration,  Art.  V, 
in  Fifth  Working  Group  Report,  supra  note  12,  Annex  II; 
the  Soviet  Draft  Convention, Fourth  Working  Group  Report, 
supra  note  4,  Art.  V and  the  Swedish- Canadian  Draft 
Principles,  supra  note  18,  Art.  V. 
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106.  See , c . g . , Ruddy,  "Broadcasting  Satellites:  An  American 

Perspective 3 Lawyer  of  the  Americas  499,  503  (1971). 

Among  the  relevant  instruments  are  the  First  Amendment 
to  the  Constitution  of  the  United  States;  the  Universal 
Declaration  of  Human  Rights,  G . A.  Resol.  217A  (III), 

10  December  1948;  The  International  Convention  on  the 
F.limination  of  All  Forms  of  Racial  Discrimination  (articles 
4 and  5)  adopted  by  U.N.  General  Assembly  Res.  2106A  (XX) 
of  21  December  1965,  and  entering  into  force  on  9 January 
1969;  The  International  Covenant  of  Civil  and  Political 
Rights  (Article  19),  adopted  by  U.N.  General  Assembly 
Res.  2200  (XXI),  16  December  1966;  The  European  Convention 
of  Human  Rights  (Article  10),  signed  at  Rome,  9 November  1950, 
entered  into  force  3 September  1953;  The  American  Declaration 
of  the  Rights  and  Duties  of  Man  (Article  IV),  Res.  XXX 
adopted  at  the  Ninth  International  Conference  of  American 
States,  Bogota,  Colombia,  30  March  to  2 May  1948;  and  The 
American  Convention  on  Human  Rights  (Article  13),  signed 
on  22  November  1969,  at  the  Inter-American  Specialized 
Conference  on  Human  Rights,  San  Jose,  Costa  Rica. 

107.  U.N.  General  Assembly,  The  International  Covenant  of  Civil 

and  Political  Rights,  supra  note  106,  Art.  2TT  For  similar 
limitations  on  the  principle  of  free  flow  in  other  inter- 
national instruments,  see  T.  Buergenthal,  "The  Right  to 
Receive  Information  Across  National  Boundaries,"  in  Aspen 
Institute  Program  on  Communication  and  Society,  Control  of 
the  Direct  Broadcast  Satellite:  Values  in  Conflict 

70-66  (1974). 

108.  Laskin,  "Legal  Strategies  for  Advancing  Information  Flow," 

. Aspen  Institute,  Control  of  the  Direct  Broadcast  Satellite, 
supra  note  107,  at  62. 

109.  L.  Marks,  "International  Conflict  and  the  Free  Flow  of 

Information,"  in  Aspen  Institute,  Control  of  the  Direct 
Broadcast  Satellite,  supra  note  107,  at  69.  ~~ 

110.  Ruddy,  supra  note  106,  at  503-504. 

111.  Accord,  Laskin,  "Legal  Strategies,"  supra  note  108,  at  61. 

112.  Id. 

113.  Id. 

114.  Sec,  e.g^,  the  Soviet  Draft  Declaration,  Arts.  IV  and  V, 
m 1'iTth  Working  Group  Report,  supra  note  12;  Soviet  Draft 
Convention,  Arts.  IV,  V and  VI,  supra  note  4. 

115.  Swcdish-Canadian  Draft  Principles,  supra  note  18,  Art.  V. 
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116.  ASIL  Panel,  Direct  Broadcasting  from  Satellites,  supra  note  2, 
at  30. 

117.  Id. 

118.  Proposals  for  the  exclusion  of  spillover  from  the  prior 
consent  regime  are  discussed  below  in  the  text  accompanying 
notes  127-133. 

119.  UNESCO  Declaration  of  Guiding  Principles  in  the  Use  of 
Satellite  Broadcasting  for  the  Free  Flow  of  InformatTon, 
the  Spread  of  Education  and  Greater  Cultural  Exchange, 

U • N • Doc . A / AC .1 05/ 1 09  (1972) , Art . V(l) . For  further 
information  see  D.  Smith,  Communications  Via  Satellite: 

A Vision  in  Retrospect  199-200  (197 6) . 

120.  UNESCO,  Declaration  of  Guiding  Principles,  supra  note  167, 

Art.  V(2j: 

121.  Id. , Art.  VI (2) . 

122.  Id. , Art.  VII  (2) . 

123.  On  the  doctrine  of  "harmful  effects,"  see  D.  Smith,  Inter- 
national Telecommunication  Control  185-205  (1969). 

124.  UNESCO,  Declaration  of  Guiding  Principles,  supra  note  167, 

Art.  IX (IT 

125. ’  Laskin  and  Chayes,  "A  Report  of  the  Panel  on  International 

Telecommunications  Policy,"  in  ASIL  Panel,  Direct  Broad- 
casting from  Satellites,  supra  note  2,  at  9. 

126.  See  also  Laskin,  "Legal  Strategies,"  in  the  Aspen  Institute, 
Control  of  Direct  Broadcasting  Satellites,  supra  note  108, 

127.  Chayes  and  Chazen,  "Policy  Problems,"  supra  note  102,  at  15. 

128.  Comment  of  Abram  Chayes  in  Panel  Discussion,  "Direct 
Satellite  Broadcasting,"  supra  note  100,  at  78. 

129  Note,  "Approaches  to  Controlling  Propaganda  and  Spillover 
from  Direct  Broadcast  Satellites,"  5 Stanford  Journal 
of  International  Studies  175  (1970). 

130.  Id. 

131.  The  text  of  S 428A  is  reprinted  in  the  text  accompanying 
note  41. 
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132. 

133. 

134. 

135. 

136. 

137. 

138. 

139. 


140. 

141. 

14  2. 
143. 


Fourth  Working  Group  Report , supra  note  4,  Annex  IV,  Art.  VI; 
Fifth  Working  Group  Report , supra  note  12,  Annex  III,  Art.  VI. 

Id. , Art.  VIII. 

U.N.,  UNESCO,  Declaration  of  Guiding  Principles,  supra 
note  119,  Art . VI (2) . 


Fifth  Working  Group  Report,  supra  note  12,  Annex  III,  Art.  V. 

Dalfen,  "Direct  Satellite  Broadcasting,"  20  University  of 
Toronto  Law  Journal  366,  373  (1970). 

U.N.,  UNESCO,  Declaration  of  Guiding  Principles,  supra 
note  119,  Art.  Vl(2). 


Swedish-Canadian  Draft  Principles,  Fifth  Working  Group 
Report , supra  note  12,  Annex  III,  Art.  V. 

See,  for  example,  D.ilfcn,  "Direct  Broadcasting,"  supra 
note  136,  at  373;  E.  McAnany,  "Reflections  on  the  Inter- 
national  Flow  of  Information,"  in  The  Aspen  Institute, 

Control  of  the  Direct  Broadcast  Satellite:  Values  in  Conflict 

16  (1974).  *" 


See  Ruddy,  "Broadcasting  Satellites,"  supra  note  106,  at  503. 

Comment,  "Direct  Broadcast  Satellites:  Implications  for 
Less  Developed  Countries,"  12  Virginia  Journal  of  Inter- 
national Law  84  (1971). 


United  States  Draft  Principles,  Fifth  Working  Group  Report, 
supra  note  12,  Annex  IV,  Art.  V. 


Sec  also  Marks,  supra  note  109,  at  66. 
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See,  e. g.  , Report  of  the  Working  Group  on  Remote  Sensing 
of  the  Earth  by  Satellites  on  tne  Work  of  its  Third  Session, 

or.  -^ocTlOTTr 0~57 125  (1973). 

Report  of  the  Legal  Sub-Committee  on  the  Work  of  its 
Twelfth  Session,  U.N.  Doc.  A/AC. 105/115  (1973),  at  14 
[hereinafter  cited  as  Twelfth  Legal  Sub-Committee  Report] . 

U.N.  Doc.  A/C. 1/1047,  October  15,  1974  [hereinafter  cited 
as  Argentina-Brazil  Draft  Treaty] . The  joint  proposal 
superceded  both  Argentina's  Draft  International  Agreement  on 
Activities  Carried  Out  Through  Remote  Sensing  Satellites- 
Surveys  of  Earth  Resources,  U.N.  Doc.  A/AC. 105/C. 2/L. 73 
and  Brazil* s Draft  Treaty  on  Remote  Sensing  of  Natural 
Resources  by  Satellite,  U.N.  Doc.  A/AC. 105/122 . Both 
individual  proposals  are  reprinted  in  the  Report  of  the 
Legal  Sub-Committee  on  the  Work  of  its  Thirteenth  Session, 
U.N.  Doc. “ A/ AC. 105/133  (1974),  Annex  IV,  at  1-3  and  3-5, 
respectively  [hereinafter  cited  as  Thirteenth  Legal  Sub- 
Committee  Report]. 


Treaty  on  Principles  Governing  the  Activities  of  States 
in  the  Exploration  and  Use  of  Outer  Space,  Including  the 
Moon  and  Other  Celestial  Bodies,  610  U.N.T.S.  205,  18 
U.S.T.  2410,  T.I.A.S.  No.  6347,  entered  into  force 
October  10,  1967. 

U.N.  Doc.  A/AC. 105/C. 2/L. 99,  May  27,  1974  [hereinafter 
cited  as  Soviet-French  Draft  Principles].  The  joint 
document  superceded  both  the  Draft  Principles  Governing 
Remote  Sensing  of  Earth  Resources  from  Outer  Space  sub- 
mitted by  France,  U.N.  Doc.  A/AC. 10S/L. 69,  and  the  Model 
Draft  Principles  Governing  the  Use  of  Space  Technology  by 
States  for  the  Study  of  Earth  Resources,  submitted  by  the 
Soviet  Union,  U.N.  Doc.  A/AC. 105/C. 2/L. 88 . All  three  are 
reprinted  in  Thirteenth  Legal  Sub-Committee  Report  supra 
note  3,  at  Annex  IV,  at  9-10,  5-8,  and  9,  respectively. 


Id. , Art icle  2 . 

Id. , Article  5 (b) . 
Id . , Article  5 (c) . 


348 


13.  Argentine  Draft  Treaty,  supra  note  12,  at  30;  Cocca, 
supra  note  30,  at  175. 

14.  Cocca,  supra  note  30,  at  175. 

15.  Union  of  Soviet  Socialist  Republics:  working  paper  "Draft 

Treaty  Relating  to  the  Moon  --  Question  of  the  "Common 
Heritage  of  All  Mankind"  U.N.  Doc.  A/AC. 105/115  (1973), 

Annex  I,  at  24-25. 

16.  E.  Vassilevskaya,  "Drawing  Up  a Draft  Treaty  on  The  Moon 
a Further  Contribution  to  the  Progressive  Development  of 
International  Space  Law,"  in  Proceedings  of  the  Nineteenth 
Colloquium  on  the  Law  of  Outer  Space  101  (1977) . 

17.  See,  e.g.  , Gorove,  supra  note  11,  at  179. 

18.  Id,  at  177-78. 

19.  Stephen  Gorove,  The  Draft  Treaty  Relating  to  the  Moon: 

An  Overview  and  Evaluation,"  in  Proceedings  of  the  Nineteenth 
Colloquium  on  the  Law  of  Outer  Space  44  ( 1 077). 

20.  See , e.g.,  Dr.  Laszlo  Szaloky,  The  Way  of  the  Further 
Perfection  of  the  Legal  Regulation  Concerning  the  Moon 
and  Other  Celestial  Bodies,  Especially  Regarding  the 
Exploration  of  Natural  Resources  of  the  Moon  and  Other 
Celestial  Bodies,  in  Proceedings  of  the  Sixteenth  Colloquium 
on  the  Law  of  Outer  Space  19S  (1974);  and  Vladimir  Kopal, 

The  Development  of  Legal  Arrangements  for  the  Peaceful 

Uses  of  the  Moon,  in  Proceedings  of  the  Fifthteenth 
Colloquium  on  the  Law~of  Outer  Space  163  (1973). 

21.  See , e.g. , Cocca,  supra  note  12,  at  172-76;  R.  V.  Dekanozov, 
'"Relat  lonship  Between  the  Status  of  Outer  Space  and  the 
Statuses  of  Areas  Withdrawn  from  State  Sovereignty",  E.G. 
Vassilevskaya,  "Introductory  Report  to  Part  IV",  and 
Vladimir  Kipal,  "Legal  Questions  Relating  to  the  Draft 
Treaty  Concerning  the  Moon",  Proceedings  of  the  Sixteenth 
Colloquium  on  the  Law  of  Outer  Space  (1975),  at  10,  170 

and  183-4,  respectively. 

22.  Vassilevskaya,  supra  note  16  at  100-101;  Proceedings  of 
the  United  Nations  Committee  on  the  Peaceful  Uses  of  Outer 
Apace,  19th  Session,  U.N.  Doc.  A/AC.105/PV  164  (1976), 
Statement  by  Delegate  Cocca  from  Argentina  and  Proceedings 
of  the  United  Nations  Committee  on  the  Peaceful  Uses  of 
Outer  Space,  18th  Session,  U.N.  Document  A/AC.105/Py  146 
at  58-60,  Statement  by  Ambassador  Bennett  of  the  United 
States . 
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23.  Proceedings  of  the  United  Nations  Committee  on  the  Peaceful 
Uses  of  Outer  Space,  19th  Session,  U.N.  Doc.  A/AC.105/PV  164, 
Statement  by  delegate  Macaulay  from  Nigeria. 

24.  Proceedings  of  the  United  Nations  Committee  on  the  Peaceful 
Uses  of  Outer  Space,  18th  Session,  U.N.  Doc.  A/AC.105/PV  147 
(1975),  at  72-73,  statement  by  delegate  Bassols  from  Mexico; 
and  Proceedings  of  the  United  Nations  Committee  on  the 
Peaceful  Uses  of  Outer  Space,  19th  Session,  U.N.  Doc. 

A/AC. 105/PV160  (1976),  statement  by  delegate  Salatun 
from  Indonesia. 

25.  Proceedings  of  the  United  Nations  Committee  on  the  Peaceful 
Uses  of  Outer  Space,  18th  Session,  U.N.  Doc.  A/AC. 105/ 

PV  149  (1976),  at  59-60,  statement  by  delegate  de  Lims 
from  Brazil. 

26.  Edward  R.  Finch,  and  Amanda  Lee  Moore,  Outer  Space  Law  and 
the  Global  Community,  8 The  International  Lawyers,  October 
760-761  (1974). 

27.  Gorove,  supra  note  19,  at  43. 

28.  Vladimir  Kopal,  Legal  Questions  Relating  to  the  Draft 
Treaty  Concerning  the  Moon;  in  Proceedings  of  the  Sixthteenth 
Colloquium  of  the  Law  of  Outer  Space  181  (1974);  E. 

Va s s i 1 cvskaya , Legal  Problems  of  the  Exploration  of  the 
Moon  and  Other  Planets,  in  Proceedings  of  the  Sixteenth 
Colloquium  on  the  Law  of  Outer  Space  168-169  (1974) ; 

G.C.M.  Rcijonen,  The  History  of  the- Draft  Treaty  on  the 
• Moon,  in  Proceedings  of  the  Nineteenth  Colloquium  on 
the  Law  of  Outer  Space  361  (1977). 

29.  Vassilevskaya,  supra  note  28,  at  169-70. 

30.  India:  working  paper,  Draft  Treaty  Relating  to  the  Moon, 

U.N.  Doc.  A/AC. 105/115  (1973),  Annex  I,  at  22. 

31.  Bulgaria:  working  paper,  Draft  Treaty  Relating  to  the  Moon, 

U.N.  Doc.  A/AC. 105/133  (1974),  Annex  I,  at  6. 
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9.  I_d.  , Article  5(a) . 

10.  Id. , Article  6. 

11.  U.N.  Doc. . A/AC. 105/C. 2/L. 103  (19  February  1975)  preambular 
paragraphs  3 and  4. 


12.  See  Report  of  the  Legal  Sub-Committee  on  the  Work  of  its 
Fourteenth  Session,  U.N.  Doc.  A/ AC. 105/197  (1975),  Annex  III, 
at  2 [hereinafter  cited  as  Fourteenth  Legal  Sub-Committee 
Report] . 

13.  Report  of  the  Legal  Sub-Committee  on  the  Work  of  its 
Fifteenth  Session,  U.N.  Doc.  A/ AC. 105/171 , Annex  III, 
at  2 - 3 [hereinafter  cited  as  Fifteenth  Legal  Sub- 
committee Report] . 

14.  See  the  analysis  of  Article  I in  Section  I. A.  of  Part  II 
above. 

15.  See,  e.g. , the  working  paper  on  remote  sensing  submitted 
to  CPUOS  by  the  United  States  delegation  entitled  "Remote 
sensing  of  the  natural  environment  of  the  earth  from  outer 
space,"  U.N.  Doc . A/ AC . 1 0 5/ L . 1 0 3 , 19  February  1975 
(emphasis  added). 

16.  Sec,  e.g.,  Declarations  of  Principles  Governing  the  Sea- 
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INTRODUCTION 


From  the  court  school  of  Charlemagne  in  the  beginning  of  the 
ninth  century  through  the  founding  of  the  universities  and 
schools  of  Europe,  education  has  consisted  basically  of  both 
the  impartation  of  culture  and  knowledge  and  crreer  training. 
The  printed  word  and  the  teacher  were  the  major  learning  media 
and  the  student  was  required  to  be  in  attendance  at  the  school 
in  order  to  participate  in  school  functions.  The  modern 
school  system  reflects  the  institutionalization  of  the  western 
educational  tradition,  and  is  now  being  acted  up>n  by  new 
forces  which  may  require  great  change  to  allow  the  school  to 
fulfill  both  its  traditional  purpose  and  the  new  duties  that 
have  been  relegated  to  the  educational  community. 

New  media,  examples  being  televised  instruction,  video  and 
audio  cassettes,  computer  managed  and  assisted  instruction 
(CMI  and  CAI),  radio  broadcasting,  film  and  slide  media,  have 
been  incorporated  with  varying  degrees  of  success  in  the 
school  context.  Distribution  and  implementation  of  these 
media  has  been  limited  by  the  factors  of  cost,  applicability, 
and  availability.  Satellite  technology  has  introduced  a 
synoptic  distribution  system  for  various  transmittable  edu- 
cational media.  Early  educational  satellite  experiments  have 
shown  certain  strengths  and  weaknesses  of  this  approach. 

To  the  present,  the  cost  of  communications  satellite  distri- 
bution for  educational  programming  has  been  high.  There 
emerges  from  the  literature  a paradigm  which  applies,  equally 
to  other  educational  applications.  This  is,  that  all  media 
are  effective  within  certain  applications  and  under  certain 
constraints  It  remains  for  us  to  identify  the  areas  of 
applicability  of  communication  satellite  technology  and  to 
apply  present  or  improved  technology  within  the  identified 
constraints. 


357 


WfeSWia  PACE  BLANK 


The  extra-terrestrial  imperative  is  an  optimistic  possibility 
for  human  advancement.  It  is  bas^J  on  the  concept  of  in- 
telligent growth,  the  need  and  availability  of  space  to  meet 
terrestrial  problems,  and  the  global  psychology  of  concen- 
trated human  effort.  Rene  Dubos  notes  that  mankind  may  be 
developing  into  a super-organism.  Man's  cumulative  planetary 
consciousness  based  on  evolution  and  survival  needs  may  over- 
come the  geographical  limitations  which  exist  on  earth. 

Enlarging  human  options  requires  education  to  make  these 
options  understandable,  participatory,  and  operational. 

The  individual  human  organism  primarily  seeks  survival  and 
security  and  perceives  education  as  the  vehicle  for  providing 
the  necessary  mental  and  physical  prowess.  But  humans  are 
only  willing  to  sacrifice  so  much  for  the  privilege  of  education 
as  has  been  noted  in  the  inability  to  pass  school  bond  issues, 
or  the  slowness  with  which  many  groups  and  nations  establish 
effective  educational  systems.  The  desire  seems  to  be  there 
but  the  means  is  often  lacking. 

Let  us  look  then  at  the  components  of  an  educational  system 
based  on,  and  perhaps  enhanced  by,  space  industrialization 
communications  technology. 

We  will  first  look  at  the  state  of  the  art  today  in  satellite 
communication  and  educational  media  and  its  limitations. 

Then,  outlining  some  basic  theoretical  specifications  for  an 
educational  satellite  telecommunications  system,  we  will 
examine  some  domestic  and  international  mini-scenarios  and 
rational  for  utilization  of  such  a system.  Finally,  areas  for 
goods  and  services  marketed  as  a result  of  such  a system,  and 
jobs  that  the  existence  of  such  a system  might  provide  are 
listed. 
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Putting  numbers  to  any  system  will  require  further  development 
of  cost  estimates  and  capabilities  of  proposed  space  indus- 
trialization communication  systems,  but  this  synthesis  is 
intended  to  spark  further  such  development. 
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Existing  Systems  for  Communication  Satellite  Education. 

Since  the  first  technical  papers  on  communication 
satellites  by  Eric  Burgess  and  Arthur  C.  Clarke  in  the  late 
1940*s,  the  idea  of  an  orbiting  transmission  link  has  been 
perceived  as  a less  expensive  mode  of  communication.  Our 
historical  experience  in  the  development  of  communication 
satellites  has  been  evolutionary,  and  not  quantum  in  nature. 

Each  technological  jump  is  really  a logical  evolutionary  step 
in  the  development  of  communications  systems.  From  the  Echo 
balloon  to  Telstar  to  ATS-1,  -3,  -6,  and  finally  CTS,  we  see 
improvements  in  satellite  capacity,  signal  quality,  and  a 
reduction  in  cost  of  ground  facilities.  The  Intelsat  and 
Westar  systems  show  increasing  reliability  for  voice,  television, 
and  data  transmission  and  decreasing  cost  for  user  time  in  the 
commercial  setting. 

1 . 1  Satellite  Systems. 

1.1.1  ATS- 6 . 

The  ATS  Series  was  designed  to  provide  synoptic 
communications  coverage  to  widely  dispersed  areas.  Reception 
of  signals  rebroadcast  from  the  ATS-6  satellite  were  to  be 
accomplished  wi*h  low  cost  receivers.  ATS-6  video  transmission 
achieved  ?.  cost  of  $1000.00  per  hour.  Experiments  involving 
the  ATS  satellite  included:  wide  distribution  of  materials  to 
geographically  inaccessible  areas  of  the  United  States,  for 
example,  Appalachia,  the  Western  Rocky  Mountain  Region,  Alaska; 
and  experiments  in  India,  et  al.,  for  the  dissemination  of 
educational  and  informational  programming  to  remote  villages 
which  were,  except  for  the  ATS  antenna,  electronically  isolated 
from  the  outside  world.  At  this  writing,  results  of  the  India 
experiment  are  still  being  compiled  but  published  reports  on 
the  domestic  experiments  indicate  a high  degree  of  satisfaction 
with  the  technical  aspect  ot  the  experiment,  but  due  to  costs 
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1.1.1 
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and  the  limited  nature  of  applications  thus  far,  a reserved 
optimism  exists  about  future  satellite  utilization. 

1.1.2  CTS , 

A joint  Canadian-American  spacecraft,  the  CTS  en- 
hances the  spacecraft's  retransmission  capability  to  service 
smaller  ground  receiving  stations.  Additionally,  CTS  is  being 
used  on  a regular  basis  for  two-way  interchange  of  information 
and  testing  video  compression  techniques  which  would  reduce 
the  amount  of  satellite  time  involved  in  sending  a given 
amount  of  television  information.  The  television  signal  is 
encoded,  compressed,  transmitted,  and  then  expanded  to  its 
original  length.  This  results  in  increased  satellite  relay 
capacity  and  reduces  the  overall  cost  of  transmission  by 
reducing  impact  on  the  satellite  transponder. 

1.1.3  WESTAR. 

The  Western  Union  System  has  launched  the  Westar 
satellite  with  commercially  available  television  transponders, 
message  switching  capability,  and  audio  transmission  capability. 
The  cost  per  television  transponder  per  annum  ranges  from  1.2 
to  2.7  million  dollars.  While  this  seems  to  be  a prohibitive 
initial  cost  to  non-commercial  applications,  it  shoul  ? 
pointed  out  that  this  breaks  down  to  approximately  $25... 00  per 
hour  without  any  video  compression  techniques.  This  reduces 
ATS  transmission  costs  by  a factor  of  four.  It  is  also  in- 
teresting to  note  that  Westar  as  a commercial  system  must  be 
amortized  on  a profit  basis. 

1.1.4  Public  Service  Satellite  Concepts. 

Recent  activities  and  workshops  at  the  Goddard  Space 
Flight  Center  (October  and  December  1976)  are  tending  toward 
the  development  of  Public  Service  satellite  utilization.  The 
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concept  stems  from  analysis  by  teams  of  highly  qualified 
communicators,  educators,  and  engineers  regarding  public  usage 
of  satellite  facilities.  The  efforts  are  seen  as  an  adjunct 
to  "public  broadcasting",  and  to  fulfill  the  needs  of  non- 
profit users  in  our  society  who  would  presumably  not  be  able 
to  participate  at  commercial  rates.  While  this  approach  is 
logical,  based  on  existing  technology,  quantum  jumps  in 
technology  may  make  a system  of  this  kind  trivial.  Technology 
tends  to  replace  'arge  public  systems  with  even  larger  and 
more  prolific  private  systems.  Leading  examples  of  this 
include  telephone  versus  telegraph  communications,  and  the 
personal  automobile  versus  mass  transit.  A Public  Service 
Satellite  organization  may  evolve  into  a regulatory  agency  for 
user  planning  rather  than  a source  for  low  cost  satellite 
time. 

1 . 2 Educational  Media  Communications  Techniques. 

Extensive  research  has  been  carried  out  over  the 
past  few  decades  on  the  effectiveness  and  appropriateness  of 
educational  media  in  the  teaching  process.  The  following  list 
(from  Educational  Technology , The  Design  and  Implementation  of 
Learning  System,  CERI , Leiden,  Netherlands,  April  1970)  depicts 
the  basic  media  techniques  found  to  have  reasonable  educational 
effectiveness : 

Print  in  all  forms 

Moving  visual  and  AV  media  (film,  TV, 
videotape) 

Static  visual  media  (slides,  photos) 

Sound  media  (tape,  radio,  records) 

Situational  information  (role-playing, 
drama,  case  studies) 

Information  from  physical  objects 
(models,  simulators)  ORIGINAL  PAGE  tt» 

Computers  (CAI , CMI)  OF  POOR  QUALITY 

Human  resources  (teachers  and  peers) 
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1 . 2 - - Continued. 

It  should  be  noted  that  one  medium  does  not  necessarily  account 
for  a higher  measured  learning  that  any  other  media,  but  the 
applicability  of  different  media  to  different  situations  would 
* be  the  deciding  factor  in  application. 

1.2.1 Television. 

The  two  primary  strengths  of  the  television  medium 
are  1)  distribution  over  a wide  area  and  2)  the  ability  to 
transmit  visual  information  as  well  as  audio.  The  television 
medium  can  be  used  as  a resource  sharing  mode  for  education 
because  it  can  replicate  an  individual  in  an  infinite  number 
of  places  at  a given  time.  Television  learning  generally 
requires  more  motivation  due  to  a lack  of  ready  feedback  in 
the  pres|nt  system.  N.B.,  the  Stanford  Educational  Television 

Network,  and  CTS  experiments  between  Carlton  College  in  Canada 

■ 

and  Stanford  University  in  California,  have  utilized  two-way 
audio  to  allow  student  feedback  to  a professor  in  a remote 
location.  Given  the  generally  high  ordeT  of  motivation  of 
students  participating  in  these  programs,  they  have  been  , 

reasonably  successful.  It  should  also  be  pointed  out  that  a 
television  can  function  as  a CRT  data  processing  terminal  and 
can  therefore  be  dual  function  in  educational  applications. 
Television  has  also  been  shown  to  be  a successful  educational 
medium  for  summarization  and  condensation,  for  example,  drama- 
tized condensations  of  literary  and  historic  occurrences, 
summaries  of  lectures  and  programs,  and  the  capability  of 
multiple  repetition  by  video  tape  rebroadcast.  Television 
transcends  both  space  and  time  as  a learning  tool.  The  class- 
room experience  in  time  is  unidimensional  while  television 
provides  multidimensional  options  and  frequent  repetition. 
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Long  perceived  as  the  ugly  stepsister  of  television 
by  the  educational  community,  radio  has  some  distinct  economic 
advantages.  The  bandwidth  necessary  for  radio  transmission 
and  the  power  requirements  both  being  significantly  less, 
radio  is  cheaper  to  transmit  and  to  receive.  A radio  receiver 
operating  in  the  megahertz  range  can  be  purchased  for  under 
ten  dollars  while  the  lowest  cost  black  and  white  television 
receiver  still  remains  around  seventy-five  dollars.  The  audio 
medium  is  effective  in  factual  information  dissemination,  and 
for  those  applications  where  visual  communication  is  not 
necessary,  for  example,  non-illustrated  lectures,  news  and 
calendar  events,  and  review  sessions.  In  addition,  radio 
information  is  easy  to  store  on  simple  home  recording  cassette 
equipment  and  radio  production  costs  are  significantly  lower 
than  those  for  television  (approximately  $5000.00  per  hour  for 
educational  television  versus  approximately  $1000.00  per  hour 
for  educational  radio) . 

1.2.3 Two-way  Transmission. 

Two-way  transmission  (video-video,  video-audio,  or 
audio-audio)  is  a technique  used  only  peripherally  in  today's 
curriculum.  This  is  largely  due  to  the  technical  difficulties 
in  arranging  compatible  equipment  and  the  cost  of  transmission. 
The  simplest  transmission  techniques  (telelectures,  etc.) 
involve  audio  input  to  a classroom  with  a feedback  capability 
over  a commercial  telephone  hook-up.  Costs  tend  to  be  fairly 
high  because  there  is  a limit  to  the  number  of  people  who  can 
be  adequately  served  in  a two-way  situation  and  a minimum  cost 
on  the  utilization  of  the  telephone  system.  Video-audio  links 
and  video-video  links  are  prohibitively  expensive  and  complex 
and  have  only  been  used  in  more  experimental  situations.  Like 
the  other  educational  media,  two-way  transmission  has  several 
distinct  educational  advantages.  It  provides  interaction 
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between  teacher  and  student;  it  provides  an  option  for  student- 
to-teacher  feedback;  and  it  provides  real  time  guidance  and 
evaluation  by  the  teacher.  While  equipment  complexity  and 
costs  remain  high,  two-way  transmission  cannot  be  seen  as  a 
significant  educational  tool,  but  rather  as  a "public  service" 
device  best  suited  to  motivational  and  "special"  usage. 

Results  of  various  contemporary  satellite  test  projects  seem 
to  bear  out  this  conclusion  (see  Bibliography). 

1.2.4 Data  Processing. 

As  man  increases  his  speed  of  travel  or  communication, 
he  increases  his  capabilities  unidimei.sionally  by  saving  time, 
then  when  he  couples  this  capability  with  large  scale  data 
storage  and  manipulation  systems  he  is  mutiplying  his  thinking 
power  as  well,  and  realizing  greater  benefits.  The  computer, 
as  a resource  in  education,  has  been  used  as  tutor,  instructional 
manager,  information  dispenser,  and  labor  saving  slave.  The 
increase  in  personal  computational  power  over  the  past  few 
years  may  be  as  significant  for  society  as  the  increase  in 
personal  communication  and  transportation  of  recent  decades. 

As  man  increases  interaction  with  other  men,  his  tools  for 
mental  extension  must  also  interact.  Stored  information  must 
be  conveniently  retrievable,  and  new  information  must  be 
readily  accessible.  Transmission  using  data  processing  tech- 
niques provides  an  extremely  rapid  method  of  disemminating , 
compiling,  and  operating  on  information.  Limiting  cost  factors 
include  the  cost  of  equipment  and  of  "connect"  time.  These 
costs  have  been  prohibitive  for  the  individual  or  the  educational 
user. 

1 . 2 . S Peer  Group  Learning. 

Sociometrically , peer  groups  are  extremely  influential 
learning  stimulae.  It  has  been  argued  that  as  much  learning 
takes  place  from  the  peer  group  as  from  the  institutionalized 
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educational  system.  Peer  groups  form  around  social,  religious, 
economic,  geographical,  and  intellectual  lines  and  the  increase 
in  personal  communication  capability  can  increase  the  geo- 
graphical impact  of  a given  peer  group.  In  addition,  peer 
groups  also  provide  paraprofessional  educational  input  and  a 
greater  effort  must  be  made  to  identify  and  direct  this  stimulus 
to  the  most  productive  end  possible.  For  peer  groups  inter- 
acting solely  via  electronic  communications,  for  example, 
commerical  telephone,  connect  time  between  members  of  the  peer 
group  is  mostly  limited  to  a one-to-one  basis  and  is  moderately 
expensive. 


1.3 Limitations  of  Present  Systems. 

The  following  is  an  itemized  summary  of  limitations 
that  must  be  overcome  in  order  to  provide  extensive  educational 
services  using  the  previously  described  educational  media  via 
satellite  systems. 

1.3.1 Cost  of  Receiver. 

Depending  upon  the  mode  of  communication,  a receiver 
could  be  a television  set,  a radio,  or  an  alphanumeric  readout 
device,  such  as  CRT  or  hard-copy  data  terminal.  Domestic  and 
worldwide  sales  indicate  that  radio  receivers  are  available  to 
most  areas  of  the  world.  Television  receiver  usage  is  restricted 
by  power  requirements  and  per  unit  cost,  yet  the  number  of 
television  receiver  units  is  rapidly  proliferating  on  a global 
basis.  The  proliferation  of  data  processing  equipment  is 
severly  limited  by  both  cost  and  availability  and  has  not  made 
a significant  impact  on  education  in  most  areas  including 
areas  of  medium  to  high  technology.  Radio  receivers  and 
television  receivers  can  be  acquired  for  $10.00  and  $100.00 
respectively,  but  DP  equipment  is  at  least  an  additional  order 
of  magnitude  in  price. 


367 


1.3.2 


Cost  of  Antenna. 


Assuming  the  presence  of  a large  scale  broadcasting 
and  satellite  retransmitting  facility,  the  second  major  user 
expenditure  would  be  the  cost  of  the  antenna  system.  As  the 
power  used  in  transmitting  goes  up  antenna  requirements  and 
costs  can  be  reduced.  When  the  antenna  cost  ceases  to  be  a 
significant  fraction  of  the  receiver  cost,  it  will  be  affordable 
6y  a majority  of  the  user  population  (see  Appendix). 

1.3.3  Cost  of  Transmitter  (Two-way). 

Any  two-way  communication  requires  a transmitter, 
with  radio  transmitters  significantly  lower  in  cost  than  vide, 
transmitters.  Technological  trends  suggest  that  the  cost  of  i 
radio  transmitter  can  be  brought  within  the  range  of  a mass 
market  larger  than  that  created  for  Citizens  Band.  Television 
transmitters,  however,  remain  complex  and  therefore  have  a 
high  unit  cost. 

1.3.4  Cost  of  Microphone ^Camera  (Two-way). 

The  microphone  or  camera  is  the  two-way  transmission 
input  device.  Microphones  of  sufficient  quality  for  personal 
broadcast  are  readily  and  inexpensively  attainable  and  would 
be  a small  fraction  of  a total  receiver-antenna- transmitter 
package.  Television  cameras  can  be  obtained  (vidicon)  in  the 
range  of  $200.00  to  $600.00  each.  Solid-state  cameras  (CCD  or 
other  compatible  technology)  are  anticipated  to  cost  about 
$500.00  in  a mass  market  situation. 

1.3.5  Operational  Ease. 

The  genious  of  both  the  automobile  and  the  telephone 
is  that  an  individual  can  learn  to  use  the  device  with  a 
minimum  of  effort  and  that  it  is  a highly  reliable  instrument. 
Experiments  with  ATS-1  and  -3  and  the  necessary  equipment  for 
ATS-6  and  CTS  suggest  that  an  additional  order  of  magnitude 

368 

ORIGINAL  PAGE  lb 
OF  POOR  QUALITY 


1.3.5 


- -Continued. 


would  be  necessary  in  ease  of  operation  to  allow  convenient 
usage  of  satellite  communication  systems  on  a large  scale. 
Receiver  units  (radio/television)  are  already  extremely  easy 
to  use,  but  transmission  devices  are  moderately  complex  and 
would  require  design  simplification. 

1.3.6  Coordination. 

A prime  weakness  which  the  educational  community  has 
failed  to  overcome  is  the  absence  of  overall  coordination  in 
the  development  and  implementation  of  a coherent  satellite 
utilization  program.  Different  user  groups  with  specific 
needs  may  have  to  combine  or  submit  to  an  overall  coordinating 
agency.  This  agency  could  be  profit  making  in  nature,  or, 
less  desirably,  a part  of  government. 

1.3.7  Maintenance. 

Implementation  of  any  large  scale  communications 
system  requires  correlative  implementation  of  a maintenance 
program  not  unlike  the  maintenance  programs  established  by 
manufacturers  for  lease  or  purchase  products  in  the  electronics 
industry.  The  absence  of  skilled  maintenance  people  has  been 
a limiting  factor  in  enlarging  satellite  utilization  from 
limited  experiments  to  full  scale  operations.  Each  project 
has  been  individually  well  staffed  and  maintained,  but  the 
overall  expertise  does  not  exist  to  support  a vast  extension 
of  such  a program  at  this  time. 

1.3.8  Transmission  Quality. 

Many  of  the  early  experiments  in  education  using 
communication  satellites  have  suffered  from  broadcast  trans- 
mission quality  deficiencies.  High  quality  is  requisite  for  a 
satisfied  public.  As  has  been  evidenced  with  commercial 
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broadcasting,  when  the  quality  drops  below  certain  admissible 
levels,  standards  to  which  the  user  has  grown  accustomed,  user 
participation  and  utilization  may  fall  off  sharply. 

1.3.9 Availability/Reliability. 

The  individual  user  of  a satellite  system  must  have 
a selection  of  programming  and  services  available  at  a level 
of  reliability  at  least  equal  to  that  of  commercial  broadcast 
services  . Education,  while  a perceived  need  of  the  society, 
must  also  compete  with  commercial  broadcast,  and  normal  social 
activities  for  a user's  time  and  must  therefore  be  presented 
in  a palpable  and  technically  satisfying  way. 

1. 3.9.1  Time  Zone  Differences . 

In  making  programming  available,  it  should  be  nov^d 
that  geographic  distributions  may  require  the  modification  of 
delivery  systems  to  account  for  time  zone  differences.  This 
is  mentioned  because  it  was  identified  as  a problem  in  some  of 
the  international  experiments  undertaken  with  the  ATS  series 
satellite  to  unite  educators  from  widely  dispersed  areas. 
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Space  Industrialization  Communications  Technology. 

As  outlined  in  a previous  section,  limitations  to 
extensive  utilization  of  present  satellite  technology  for 
educational  purposes  create  a somewhat  discouraging  picture. 

In  fact,  responsible  political  and  social  organizations  are 
already  engaged  in  the  development  of  a "public  service" 
scheme  for  educational  satellites.  While  this  concept  may  be 
necessary  for  the  introduction  of  satellite  technology  to  the 
people  of  this  country  and  other  countries,  it  relegates  this 
type  of  satellite  usage  to  the  "non-profit"  domain  and  dis- 
courages the  business  community  (with  the  exception  of  companies 
engaged  in  the  sale  of  educational  materials)  from  participation. 
There  is,  however,  in  Kraft  Ehricke’s  expostulation  of  the 
Extra-terrestrial  Imperative,  an  option  which  may  obviate  this 
"stepchild"  approach  to  educational  satellite  telecommunications. 
That  option  is  to  utilize  Space  Shuttle  related  technology  and 
Large  Space  Structures  (LSS)  to  construct  a system  with  a 
quantum  advancement  in  communication  capability  and  a quantum 
reduction  in  user  cost.  The  "push"  provided  by  our  present 
educational  research  and  our  need  to  increase  educational 
productivity  coupled  with  the  "pull"  of  a satellite  user  cost 
breakthrough,  may  make  educational  and  related  activities  one 
of  the  prime  movers  for  future  satellite  system  development. 

2 . 1  Basic  Assumptions. 

2.1.1  Shuttle  Technology/LSS. 

Any  space  industrialization  endeavor  requires  the 
use  of  reusable  launch  vehicles  The  size  of  Large  Space 
Structures  (LbS)  is  dependent  upon  cost  factors  related  directly 
to  payload  orbital  costs. 
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2.1.2  Throughput  Costs. 

Transmissions  (either  one-way  or  two-way)  must  be 
provided  at  nominal  cost  to  insure  maximum  user  utilization  in 
the  public  sector. 

2.1.3  Distribution  Quality. 

Distribution  of  broadcast  material,  whether  by 
satellite  direct  to  remote  areas  or  by  satellite  to  urban 
networks  of  cable  or  fiber  optics,  must  be  accomplished  with  a 
quality  approximating  commercial  broadcast  levels. 

2.1.4  Capacity. 

Availability  of  programming  and  interactive  channels 
must  be  of  such  an  order  of  magnitude  as  to  provide  extensive 
choice  and  easy  access.  This  condition  is  parallel  to  the 
availability  of  the  telephone,  which  can  handle  the  majority 
of  calls  without  major  tie-ups.  A limited  capacity  system, 
which  now  exists,  frustrates  both  producers  and  useis  of 
materials  for  education. 

2. 2 Theoretical  Specifications  for  LSS  Educational 

Satellite  Utilization. 

User  costs  will  be  the  prime  factor  in  the  success 
of  any  system,  assuming  the  benefits  of  such  a system  are 
clearly  perceived  by  the  public. 

2.2.1 System  Availability. 

The  space  industrialization  communications  scenario 
will  assume  that  there  are  n-channels  of  audio  available  to 
the  user  for  one-way  or  two-way  communication,  n-channels  of 
video,  and  n-channels  for  data  processing.  The  n-channels 
carry  program  distribution  as  well  as  individual  interaction. 
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Antenna  Costs. 


This  scenario  assumes  an  audio  and  video  antenna 
cost  for  standard  receivers  of  less  than  $25.00  per  antenna, 
that  is,  per  household. 

2.2.3  Video  Transmitter/Camera. 

This  study  will  assume  the  cost  of  a video  transmitter 
and  camera  system  capable  of  sufficient  quality  for  two-way 
video  interaction  of  less  than  $600.00  per  unit.  Note  that 
this  does  not  include  any  video  storage  capacity  (video  tape 
or  video  disc).  While  this  is  expensive,  it  at  least  reduces 
the  cost  of  ’’getting  in”  to  two-way  video  to  the  level  of  a 
major  appliance  purchase. 

2.2.4  Audio  Transmitter/Microphone. 

This  study  will  assume  an  audio  transmission  capa- 
bility for  direct  system  access  at  a cost  less  than  $25.00  per 
transmitter/microphon''  unit.  Studies  done  for  NASA  indicate 
that  this  may  be  a faiiiy  readily  obtainable  goal. 

2.2.5  On-line  Costs  (Connect  time). 

One-way  or  two-way  interaction  for  either  dissemination 
or  interaction  for  educational  purposes  will  carry  the  following 
cost  estimates: 


Data  Processing  (2-way)  connect  time... $1.00  per  hour 


Audio  communication  (2-way) $1.00  per  hour 

Video  communication  (2-way) $2.50  per  hour 


N.B.  These  costs  could  be  achieved  only  with  large  user  popula- 
tions and  an  extremely  advanced  satellite  system.  Present 
computer  network  connect  times  can  be  as  low  as  $4.50  per 
hour,  for  example,  Telenet.  Audio,  now  available  primarily 
through  commercial  telephone,  can  be  as  low  as  $11.00  per  hour 
coast 
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to  coast,  and  essentially  free  within  local  dialing  areas. 

Video  transmission  based  on  Westar  technology  could  be  available 
at  about  $250.00  per  hour  and  would  require  a reduction  of  two 
orders  of  magnitude  to  scenario  criteria. 

2.3 Space  Industrialization  Educational  Communications 

System. 

The  components  of  -he  system  envisioned  in  this 
scenario  based  on  LSS  technology  are  outlined  as  follows: 

2.3.1  Satellite  System. 

In  a study  for  the  National  Aeronautics  and  Space 
Administration,  Aerospace  Corporation  has  outlined  basic 
parameters  for  large  communication  satellites  and  their  ability 
to  interact  with  low-cost  ground  terminals.  This  scenario 
assumes  the  existence  of  such  structures  exhibiting  the  capabili- 
ties suggested  in  the  Aerospace  Corporation  study. 

1)  Four  LSS  communications  satellites  would 
offer  complete  coverage  of  the  continental 
United  States, 

2)  Each  LSS  would  have  a dimension  of  about 
Tour  miles  square. 

2.3.2  G .and  Support  Systems. 

This  study  will  assume  the  existence  of  ground 
broadcast  facilities  for  both  programming  distribution  and 
individual  user  interaction  at  cost  levels  defined  in  Sections 
2.2.3,  2.2.4,  and  2.2.5. 
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2.3.3 Coding. 

A major  element  of  either  a domestic  or  international 
educational  satellite  system  is  the  capability  of  "selective” 
access  to  materials  and  individuals.  Therefore,  there  would  be 
a need  for  transmission  coding  systems.  Such  an  encoding/ 
decoding  capability  would  anticipate  and  overcome  the  following 
limitations : 

2. 5. 3.1  Political  Integrity. 

In  an  international  setting,  unlimited  personal 
intercommunication  could  be  threatening  to  the  political 
community  and  thereby  eliminate  the  possibility  of  installing 
an  LSS  communications  system.  Domestic  and  international 
programming  and  communication  vrhen  coded  offers  control  from 
misuse. 


2. 3. 3. 2 Privacy. 

Individual  users  would  need  to  be  assured  of  privacy 
for  their  personal  communication.  Coding  capabilities  could 
provide  the  necessary  privacy  acting  as  "scrambler". 

2. 3. 3. 3 User  Analysis. 

Coding  would  also  permit  analysis  of  ucer  utili- 
zation, evaluating  load  factors,  and  permitting  convenient 
documentation  for  billing.  Coding  provides  an  automatic 
stratification  of  users  for  a broadcasting  entity.  The  broad- 
caster can  market  "decoders"  for  specific  programs  similar  in 
concept  bjt  not  in  hardware  to  the  cable  television  subscription 
service  offered  today. 

2. 3. 3. 4 User  Access. 

Coding  provides  for  stratified  user  access  within  an 
educational  system  by  allowing  control  of  personal  interaction 
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and  access  to  desired  programming.  Coding  systems  may  allow 
multiplexing  which  provides  the  user  with  a variety  of  communi- 
cations media  and  channels  at  the  same  time.  For  example,  the 
user  may  be  receiving  a video  program  while  asking  questions 
of  a peer  by  overwriting  the  program  with  alphanumerics  on  the 
peer's  video  screen. 

2. 3. 3. 5 Possible  Coding  Techniques. 

In  an  educational  satellite  distribution  system 
coding  may  be  provided  by  internal  electronic  circuitry,  such 
as  scrambler  circuits  with  magnetic  cards  activating  (keying) 
access  to  certain  programming  with  frequency  allocation  controls 
to  limit  certain  bands  to  certain  uses;  or  with  controlled 
equipment  compatability , for  example,  varying  video  rastors, 
baud  rates,  etc. 
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Areas  of  Impact  (Domestic). 

Assuming  the  existence  of  the  system  described  in 
Section  2.0,  the  following  mini-scenarios  describe  potential 
user  situations  in  the  area  of  education. 

3.1  The  School  Setting. 

Projected  trends  in  the  United  States  show  a school 
population  which  is  getting  progressively  older.  Demographics 
suggest  a population  increase  in  the  1990's,  but  the  next 
decade  will  be  spent  serving  a decreasing  formal  school  enroll- 
ment, and  a substantially  increasing  adult  student  enrollment. 

3.1.1  Elementary  and  Secondary  Activities. 

Traditional  teaching  involves  small  groups  (10-30 
students)  in  specific  locations  at  specific  times.  Additional 
responsibilities,  such  as  sex  education,  hygiene,  etc.,  have 
been  placed  on  the  schools  without  regard  for  already  strong 
peer  group  and  family  pressures  in  these  areas.  Efforts  to 
involve  parents  in  the  educational  process  is  minimal  because 
it  requires  interaction  outside  the  normal  course  of  school 
activity.  A space  industrialization  communications  system 
offers  interesting  possibilities  for  bringing  the  school  to 
the  home  and  vice  versa.  N.B.  No  system  will  be  effective  if 
the  teachers  or  their  union  representatives  perceive  classroom 
communication  devices  as  an  invasion  of  a teachers  privacy,  or 
an  excessive  burden  on  the  teachers  right  to  controlled  and 
equitable  in-service  evaluation. 

3. 1.1.1  Scenario. 

A television  camera/transmitter  with  audio  channel 
could  be  placed  in  the  classroom  and  operated  remotely  and 
discretely  by  the  teacher  only.  This  one-way  transmission  can 
extend  the  classroom  beyond  its  four  walls. 
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3. 1.1. 2  Parent  Visitation. 


Parents  can  participate  in  school  activities  at 
predetermined  times  from  their  home  or  ofxice  setting  and 
observe  the  class,  their  child's  progress,  or  specific  learning 
or  diciplinary  problems.  The  teacher  can  issue  code  keys  for 
classroom  "visitation"  at  remote  locations.  An  erasable 
magnetic  strip,  not  unlike  those  used  for  admission  to  modern 
rapid  transit  systems,  could  allow  a single  limited  remote 
"visit".  A general  ticket  could  be  provided  for  scheduled 
visiting  days.  This  would  not  interrupt  the  normal  flow  of 
classes  and  provides  greater  opportunities  for  parent  parti- 
cipation. Visiting  days,  or  model  classes  could  also  be  taped 
for  rebroadcast  at  a more  convenient  time. 

3. 1.1. 3 Sick  Days. 

Children  who  would  normally  miss  school  activities 
due  to  illness  or  even  absence  can,  from  the  home  or  other 
remote  location,  participate  through  either  one-way  or  two-way 
communication.  Teachers  can  also  "visit"  absent  pupils 
without  travel  to  provide  encouragement,  give  assignments,  and 
answer  questions. 

3. 1.1. 4 RenWial  Studies. 

After  school  hour  broadcasts,  offered  on  a demand 
basis,  could  provide  remedial  or  review  sessions.  This  is 
parallel  to  the  professors  "review"  session  on  the  night 
before  important  examinations  at  the  university  level.  This 
would  be  especially  applicable  at  the  junior  high  and  high 
school  levels,  but  could,  involving  students  and  parapro- 
fessionals,  become  a regular  feature  of  the  school  day. 

3.1.2 Scenario . 

A dozen  or  more  video  channels  are  available  in  the 
home  with  background  educational  programming  during  off-school 
hours . 
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3. 1.2.1  Remote  Schooling. 

Children  in  families  whose  occupations  require 
travel  could,  by  following  specific  programming  sequences, 
achieve  school  equivalency  by  testing.  Not  necessarily  designed 
to  replace  the  formal  educational  setting  and  the  learning 
motivation  it  provides,  remote  schooling  could  stimulate 
additional  learning  outside  the  classroom,  review  for  the 
slower  student,  stimulate  the  gifted  child,  teach  the  uneducated 
adults,  and  compensate  for  special  social  situations  where 
formal  education  is  difficult. 

3.1.3 Resource  Sharing. 

As  school  budgets  decrease  due  to  inflation,  decreased 
enrollments,  and  erosion  of  community  support,  it  will  be 
possible  to  share  resources  between  districts  using  educational 
satellite  capabilities.  Video  and  data  processing  links 
individualize  instructional  capability  by  allowing  students  to 
tie  into  the  classroom  or  programming  sequence  most  appropriate 
to  their  level  and  rate  of  achievement.  This  type  of  program 
could  be  shared  by  open  scheduled  schools,  or  schools  with 
modular  or  traditional  scheduling.  The  individual  school 
would,  using  this  type  of  system,  increase  its  ourse  offerings 
and  increase  the  "tracks"  or  levels  of  courses  for  different 
student  learning  rates. 

3. 1.3.1  Scenario. 

A teacher  skilled  in  remedial  reading  conducts  a 
district  wide  series  of  special  classes,  while  a science 
teacher  conducts  a special  seminar  for  elementary  students  on 
space  exploration.  The  children  participate  during  "open 
period"  scheduled  for  each  school  at  pre-arranged  times. 
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3. 1.3. 2  Scenario. 


Three  high  schools  can  participate  in  a talk  given 
by  an  international  sports  figure  and  ask  questions  via  two- 
way  audio  link. 

3. 1.3. 3  Scenario. 

Administrators  and  United  Federation  of  Teachers 
representatives  hold  a special  session  informing  teachers  of 
their  new  privileges  and  obligations  under  the  new  contract, 
with  teacher  audio  input  from  the  lounges  in  the  district's 
schools . 

3.1.4 Data  Transmission-Library  Services. 

Traditionally  limited  elementary  and  secondary 
school  libraries  can  benefit  by  regional,  district,  or  community 
interaction.  These  resources  can  be  accessed  or  supplemented 
electronically  using  local  or  regional  data  bases. 

3. 1.4. 2 CM I and  CAI . 

Computer  Managed  Instruction  and  Computer  Assisted 
Instruction  can  be  made  available  for  a large  number  of  users 
over  a wide  area  via  satellite  link.  The  primary  cost  for 
these  services  lies  in  the  availability  of  computer  time  and 
the  cost  of  that  time  and  the  necessary  access  hardware. 

3. 1.4. 3 Scenario. 

Lew  cost  typewriter  terminals  and  intelligent  terminals 
using  data  cassettes  could  be  purchased  at  prices  approaching 
today's  electric  typewriter  and  audio  cassette  recorder  when 
applied  to  a mass  market.  Low  "connect  time"  charges  via 
educational  satellite  network  could  provide  an  immense  market 
for  CMI  and  CAI  program  utilization.  Programs  could  be  batch 
transmitted  to  the  intelligent  terminal  for  later  use  or 
operated  on-line  if  sufficient  use*  capability  exists. 
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3. 1.4. 4 Scenario. 


Educational  software  marketing  firms  utilizing  net- 
work accounting  procedures  and  evaluation  monitoring  programs 
can  measure  utilization  of  programs,  levels  of  success,  and 
evaluation  of  specific  program  components  for  continual  update 
and  improvement.  Programmed  courses  are  available  for  basic 
elementary  and  secondary  skills,  career  preparation,  language 
study,  etc.,  supplementing  the  school  curriculum. 

3 . 2 The  Home  Setting. 

As  formal  education  spills  over  into  the  home,  many 
home  educational  activities  can  be  generated  or  enhanced 
through  satellite  communications  technology. 

3.2.1  Individual  Interests. 

Hobbies  and  career  training  are  two  areas  of  education 
that  have  experienced  explosive  growth  in  the  last  few  years. 

The  job  market  forces  a change  of  careers  several  times  during 
a worker's  productive  lifetime.  Hobbies  (pottery,  jewelry- 
making, etc.)  have  become  not  only  creative  pasttimes  but  also 
sources  of  supplemental  income. 

3. 2. 1.1  Scenario. 

Courses  presently  offered  by  community  adult  education 
programs  and  junior  colleges  can  be  distributed  to  large 
numbers  of  home  users  at  convenient  times  without  requiring  a 
visit  to  a campus.  With  the  exception  of  laboratory  experiences 
(some  of  which  may  still  be  accomplished  in  the  home)1  ^ factual 
information,  guidance  for  home  or  small  business  endeavors, 
and  tutoring  can  all  be  distributed  via  educational  satellite 
system.  The  delivery  cost  of  such  programming  and  services 
decreases  with  the  total  number  of  users,  and  depending  on 
that  number,  make  the  services  reasonable  enough  for  a majority 
of  the  population  ol  adult  learners  to  participate.  Many 
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learners  who  could  be  self-conscious  or  feel  inferior  could 
also  participate  from  the  privacy  of  the  home  setting. 

3.2.2  Peer  Group  Interaction. 

As  outlined  in  previous  sections  peer  group  inter- 
action is  both  an  important  part  of  the  social  process  and  the 
educational  process.  Low  cost,  wide  ranging  communication 
capability  could  stimulate  the  development  of  peer  group 
interaction  over  wider  geographical  areas  and  permit  peer 
groups  for  even  the  most  specialized  tasks  or  interests. 
Historically,  peer  group  development  was  spontaneous  and  based 
on  specific  interests  and  needs.  Tedious  formalism  of  hundreds 
of  "national  conventions"  is  an  example  of  the  institutionalizing 
of  peer  group  interaction.  Much  more  might  be  accomplished 
from  such  meetings,  and  many  more  peer  groups  might  be  formed 
if  low  cost,  multi-channel  communications  capabilities  existed. 
Perhaps  multi-channel  simultaneous  communications  could  permit 
peer  group  interaction  over  continental  and  intercontinental 
distances . 

3. 2. 2.1  Scenario. 

Twelve  computer  hobbyists  interested  in  home-built 
parallel  processing  computer  systems  but  located  in  five 
states  maintain  monthlv  meetings  and  almost  nightly  interaction 
via  two-way  audio  and  CRT  communication  comparing  software  and 
passing  along  computer  architectural  advice. 

3.2.3  Household  Management.  ■ 

Many  fundamental  societal  problems  stem  from  the 
inaoility  of  the  individual  to  effectively  manage  his  own 
affairs.  Extensive  educational  utilization  of  communications 
could  be  extremely  helpful  for  reaching  the  home  with  the  type 
of  data  that  would  make  people  better  managers.  Parenting, 
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3.2.3  Household  Management. 

economic  management,  budget  decorating,  etc.  can  all  lead  to  a 
better  self-concept  and  enhanced  capability  for  coping  with 
the  modern  home  environment.  Delivery  of  such  educational 
materials  directly  to  the  home  at  convenient  times  would  be 
vital  to  the  success  of  the  program. 

3. 2.3.1  Scenario. 

A course  in  coping  with  hyperactive  children  and 
monthly  review  sessions  in  balancing  a checkbook  could  be 
broadcast,  and  questions  could  be  answered  by  developing 
contacts  with  a local  paraprofessional  communications  center 
or  a peer  group. 

3.3  The  Work  Setting. 

3.3.1  OJT  and  In-service  Training. 

On  the  job  training  and  in-service  training  are  two 
major  tasks  facing  any  corporation  or  institution.  Extensive 
educational  programming  exists  either  in-house  or  externally 
generated  to  fulfill  these  needs.  Unfortunately,  much  of  this 
information  is  duplicated  in  the  name  of  "specialized"  needs. 
Some  of  this  duplication  could  be  eliminated  by  the  standardi- 
zation of  certain  curricular  requirements  agreed  upon  by 
businesses  with  similar  activities,  and  resource-shared  using 
communicative  media. 

3.3.2  Re-training. 

The  rapid  change  of  technology  in  the  economic 
market  often  requires  professional  re-training  for  new  careers. 
Using  the  work  setting  can  be  a positive  way  of  motivating 
workers  to  re-train  for  jobs  within  the  company  or  outside. 
Re-training  course  materials  cculd  be  purchased  by  the  company 
from  an  accredited  re-training  company  and  received  at  the 
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company  work  site  through  low  cost  educational  satellite 
transmissions. 

3.3.4  Problem  Solving. 

Problem  solving  in  business  and  government  can  be 
helped  using  direct  multi-participatory  communicative  links. 
The  "conference  call"  technology  is  extremely  primitive  and 
costly  in  today’s  communications  structure. 

3.3.5  Information  Systems. 

Library  services  for  businesses  based  on  large  scale 
communications  capability  can  interface  with  educational 
facilities  to  share  research  capability.  The  university  is 
provided  with  the  practical  information  of  the  professional 
community  while  the  business  community  is  linked  to  the  theo- 
retical and  academic  resources  of  the  university. 

3.4 Social  and  Leisure  Applications. 

As  leisure  time  increases  in  a society,  educational 
activities  become  an  extremely  important  part  of  the  life 
process . 


3.4.1 Games . 

Games  of  all  varieties  can  %e  used  to  teach  • wel' 
as  entertain  and  some  social  structures  evolve  into  peer 
groups  that  stimulate  other  learning  activities,  for  exa- 
Star  Trek  games,  chess  societies,  and  athletic  leagues. 
Enhanced  communications  and  resource- sharing  can  make  game 
playing  and  peer  group  development  far  easier,  more  rewarding, 
and  a larger  force  for  leisure  activities. 
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Group  Activity  Support. 


Like  gaming,  encouraging  leisure  peer  groups  can 
enhance  the  social  experience  of  individuals  if  tY •?  communi- 
cations can  be  maintained  at  a reliable  and  inexpensive  level. 

3 . 5 The  Religious  Setting. 

Although  the  constitution  expressly  separates  church 
and  state,  religious  education  is  a large  component  of  overall 
educational  activities  in  this  country.  It  is  mentioned  in 
this  scenario  to  illustrate  the  fallicy  within  the  context  of 
space  industrialization  of  assuming  the  necessity  for  a "non- 
profit" approach  to  educational  satellite  usage.  If  the  user 
community  is  sufficiently  large  and  the  cost  of  system  utiliza- 
tion is  reasonable,  a specific  user  commuuity  (a  part  of  the 
total  community)  can  use  the  system  at  the  lower  commercial 
rate.  Religious  education  is  just  such  a component  of  overall 
educational  satellite  usage. 

3.5.1 Scenario . 

A religious  denomination  leases  satellite  time  for 
special  series  of  historical  lectures  to  be  broadcast  to  ell 
Sunday  schools  within  a given  time  zone,  and  to  remote  church 
and  missionary  locations.  Interaction  channels  are  available 
for  teachers  and  students  to  interact  with  resource  discussion 
leaders  at  the  denomination's  seminary  after  each  broadcast. 
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Areas  of  Impact  (International). 

The  aerospace  industry  is  one  of  the  few  United 
States  /.  lustries  which  does  not  suffer  a penaxty  in  the 
international  market  from  this  country's  high  development  and 
labor  costs.  Technical  expertise  effectively  makes  the  United 
States  a "sole  source"  for  advanced  aerospace  systems  including 
spaceborne  hardware.  Present  leadership  in  communications  and 
computer  technology  and  the  coming  on-iine  of  the  space  shuttle 
reusable  launch  system  makes  space  an  attractive  area  for 
United  States  stimulated  international  development  and  potential 
exportable  goods  and  service;.  LSS  for  communications  purposes 
have  three  basic  advantages  for  both  developed  and  emerging 
nations : 

1.  The  ability  to  distribute  signals  over 
wide  geographical  areas, 

2.  The  reduced  cost  of  satellite  communication 
s>stems  versus  installation  of  land  based 
systems , 

* 3.  The  ability  of  a communication  satellite 

system  to  create  instant  educational  networks. 

4 . 1  The  International  School  and  Home  Setting. 

In  emerging  nations,  one  of  the  most  pressing  needs 
is  the  impartation  of  basic  skills. 

4.1.1  Reading  and  Writing. 

The  ability  to  read  and  write  is  fundamental  for  a 
society  engaged  in  industri " i i zat ion  and  economic  development. 
Reading  and  writing  also  enhances  a nation's  ability  to  communi- 
cate its  own  culture  and  address  specific  national  problems. 
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Mathematical  Concepts. 


Modern  societies  are  based  on  monetary  exchange 
systems  and  machinery  wh±ch  require  the  use  of  applied  mathema- 
tics. Mathematical  education  above  simple  numeration  processes 
is  essential  to  a developing  country. 

4.1.3  Technological  Awareness. 

Those  countries  who  have  been  most  successful  in 
economi  development  have  a population  with  a certain  level  of 
technological  awareness  or  the  ability  to  interact  with  techno- 
logy in  a constructive  way.  It  is  a unique  challenge  to  make 
people  at  once  both  technologically  aware  and  socially  respon- 
sible to  the  obligations  and  culture  of  their  country.  This 
can  be  accomplished  using  an  educational  system  which  stimulates 
technological  understanding  within  the  framework  of  a nation's 
intellectual  and  cultural  milieu. 

4.1.4  Career  Education. 

Developing  countries  can  use  satellite  broadcast 
programs  to  teach  career  skills  and  demonstrate  requirements 
for  different  career  fields.  Rural  areas  can  receive  job  and 
traini,*  information  which  could  create  industry  in  the  country- 
side or  prepare  them  somewhat  for  the  urban  job  market. 

4.1.5  Environmental  Problems. 

Responsible  technological  development  requires  an 
understanding  of  the  effects  of  technology  on  the  environment. 
All  nations  can  encourage  development  with  an  environmental 
awareness  resulting  in  more  positive  industrialized  outcomes. 

For  example,  the  HABITAT  conference  held  in  Vancouver,  British 
Columbia,  Canada  in  1976  had  many  examples  of  local  materials 
being  applied  to  meet  human  habitability  requirements.  Many 
of  the  programs  were  accomplished  by  par; icipation  between  the 
government  and  the  local  populations  through  interaction  and 
educational  training. 
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4.1.6 Social  Development. 

Various  United  Nations  conferences  predict  increasing 
stability  and  quality  of  life.  This  will  only  be  possible  if 
the  educational  systems  keep  pace  and  stimulate  positive 
social  growth.  Educational  media  distributed  by  satellites  in 
the  form  of  cultural  programs  and  social  programs  can  provide 
some  of  this  stimulus. 

4 . 2 Skills  in  the  Job  Setting. 

4.2.1  Job  Training. 

In  addition  to  basic  skills,  specific  job  training 
courses  for  workers  in  obsolete  professions  can  be  carried  out 
using  satellite  systems  similar  to  those  mentioned  in  the 
domestic  scenario  (Section  3.3). 

4.2.2  Upgrading . 

Continual  development  beyond  the  acquisition  of 
technical  job  skills  will  be  necessary  to  maintain  development 
levels  in  emerging  nations  and  developed  nations. 

4.3 Social  Interaction. 

An  educational  communications  system  based  on  the 
model  outlined  provides  a vehicle  for  both  societal  change  and 
intersocietal  exchange  of  cultural  and  practical  information. 
With  governmental  security  and  controls  provided  by  coding 
techniques,  interaction  within  a society  can  be  carried  on  in 
a non-threatening  manner  and  even  international  interaction 
can  occur  within  controlled  limits.  If  man  inhabits  a "global 
village"  then  communication  is  essential  if  men  are  to  interact 
and  understand  each  other.  A large  space  communications 
structure  equipped  for  interpersonal  interaction  as  well  as 
educational  program  broadcasting  capability  provides  a powerful 
tool  for  elevating  the  "have-nots"  to  a point  where  they  can 
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begin  to  compete  with  the  "haves".  Costs  for  less  productive 
educational  systems  would  actually  be  more  prohibitive  than 
costs  for  educational  satellite  program  distribution. 

4.4 Implementation. 

Promotion  and  marketing  of  large  communications 
satellites  for  use  by  foreign  countries  for  educational  and 
communications  purposes  could  be  accomplished  as  outlined  in 
the  following  sketch. 

4.4.1  United  States  Demonstration. 

Using  space  shuttle  and  LSS  technology  developed  in 
the  early  1980's,  a large  communication  satellite  can  be 
constructed  and  put  into  service  by  the  mid  1980' s.  This 
satellite  would  serve  as  a test  bed  foT  distribution,  utilizat- 
ion, and  operations  problem  solving,  and  can  be  moved  around 
the  world  for  on-site  demonstrations  and  international  partici- 
pation similar  to  the  ATS- 6 project,  but  planned  in  a stepped 
way  to  allow  the  participating  government  to  purchase  the 
demonstration  materials  for  later  use.  The  cost  of  the  project 
would  be  borne  by  government  and  industry  sources,  and  the 
satellite  would  be  put  into  commercial  service  upon  completion 
of  the  demonstration  experiments. 

4.4.2  International  Model. 

Funding  from  fiscally  capable  foreign  governments 
and/or  the  International  Monetary  Fund  would  then  be  procurred 
to  build  an  internationally  owned  communications  satellite 
with  United  States  aerospace  corporations  acting  as  contractors 
and  NASA  acting  in  a cost-reimbursable  launch  capacity.  The 
international  model  would  be  put  in  commercial  service  for  the 
purchaser  complete  with  ground  and  software  support.  Based 
upon  these  first  two  models,  production  schedules,  amortization 
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costs,  and  maintenance  costs  could  be  established.  These 
activities  could  easily  occur  in  the  1985-1988  timeframe. 

4.4,5 Production  Facility. 

With  the  fabrication  of  the  first  domestic  models 
and  international  purchase,  ground  based  construction  facilities 
could  be  established  in  this  country  with  active  marketing 
programs  pursued  through  corporate  channels.  Educational 
activities  which  are  intensive  in  time  utilization  and  system 
utilization  can  be  absorbed  in  with  the  cost  of  normal  commercial 
activities,  or  supported  wholly  by  governments  whose  populace 
is  too  poor  to  participate,  or  supported  by  low  cost  user 
utilization  in  countries  where  the  population  has  sufficient 
capital  resources  to  invest  in  its  own  education.  Countries 
owning  large  communications  satellites  can  also  sublet  trans- 
ponders for  use  by  neighboring  countries  at  commercial  rates 
helping  to  reduce  the  overall  purchase  and  operational  costs 
of  the  system. 

4.4.4 Software  Planning. 

Educators  and  technicians  from  the  United  States  can 
be  assigned  as  working  groups  by  academic  subject  area  to  help 
purchasing  countries  establish  viable  educational  programs. 
Technical  support  would  also  be  made  available  for  operational 
assistance  and  maintenance  assistance. 
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Derived  Marketing  Opportunities  (Domestic  and 
International) . 


5.1 Satellite  Services. 

The  following  product/services  can  be  offered  in 
conjunction  with  large  scale  educational  communications 
satellites : 


5.1.1 Ground  Fabrication. 

The  satellite  would  be  fabricated  and  assembled  by 
the  contracting  aerospace  corporations  and  sub-contractors. 


5.1,2 On-orbit  Services. 

Construction  services  on-orbit  would  be  provided  for 
the  purchased  LSS  communications  satellite  structure. 

5.1.5 Payload  Launch  Services. 

Re-imbursible  shuttle  flights  would  be  flown  to 
provide  construction  and  maintenance  of  the  satellite  structure. 


5.1.4 Development  Services. 

International  development  capital  wor  J allow  countries 
to  initiate  purchase  of  LSS  communications  facilities  to  be 
repaid  through  amortization  collected  from  communications  and 
educational  applications. 


5. 2 Transmission  and  Ground  Support. 

Associated  with  transmission  equipment  for  educational 
program  distribution,  the  development  of  compatible  product 
lines  of  transmitters,  receivers,  and  transceivers  would  be 
attractive  as  marketable  items.  N.B.  This  type  of  product 
would  generate  quick  international  competition  for  the  market- 
place. 
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Coding  Devices. 

As  outlined  in  a previous  section  (2.3.3)  the 
necessity  for  political  integrity,  privacy,  user  analysis, 
etc.,  would  make  coding  devices  a critical  element  for  the 
acceptability  of  LSS  communications  systems  on  the  international 
scale  and  even  an  important  factor  in  domestic  usage.  Coding 
devices  such  as  magnetic  card  keys,  solid  state  devices, 
ot  simple  frequency  modulation  control  can  provide  creative 
new  areas  of  development  for  the  technology  of  peripheral 
security  devices.  The  decade  of  the  1980’s  could  see  an 
explosion  in  the  communications  privacy  industry  as  low  cost 
electronic  devices  are  introduced. 

5.2.3  Antennae . 

For  those  systems  not  supplied  by  cable  or  fiber 
optics  and  having  wide  geographical  dispersion,  low  cost 
receiver-antenna  systems  would  have  to  be  commercially 
available.  Depending  upon  the  frequencies  allocated  for 
specific  functions,  these  antennae  could  be  made  to  different 
tolerances  at  different  costs.  Again,  international  competition 
can  be  high  in  this  area  of  the  marketplace,  but  the  worldwide 
market  is  so  potentially  large  that  development  and  sales 
would  form  the  basis  of  an  entire  industry. 

5.2.4  Video/Audio  Compressors. 

Video  and  audio  compression  is  a promising  technology 
which  would  multiply  a satellite's  capabilities  by  reducing 
the  time  a given  signal  impacts  on  the  satellite  system  for 
a corresponding  real-time  playback.  Presently,  the  equipment 
is  bulky  and  complex,  but  a breakthrough  in  compression 
techniques  would  provide  broadcast  facilities,  businesses, 
and  even  individuals  with  the  ability  to  transmit  substantial 
quantities  of  video  and  audio  information  extremely  rapidly 
and  economically. 
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Studio  and  Broadcast  Facilities. 


Creation  of  customized  educational  programming  is 
a complete  industry.  Each  country  would  require  specific 
production  and  broadcast  facilities  to  support  its  educational 
efforts.  Supplying  equipment  for  such  studies  can  be  of 
itself  a highly  competitive  international  market.  It  can  also 
enhance  the  sale  of  peripheral  electronic  devices  to  make 
conventional  equipment  compatible  with  the  requirements  of 
satellite  broadcast.  Examples  of  these  peripheral  devices:  video 
compression  equipment,  studio  controlled  broadcast  quality 
device  (like  VIR) , studio  coding  devices,  alphanumeric  and 
other  graphic  production  devices. 

5.3 Data  Processing. 

Computer  Assisted  Instruction  and  Computer  Managed 
Instruction  can  involve  extremely  complex  ground  support 
facilities  and  use  a great  deal  of  network  time.  Yet,  that 
technique  for  instruction  is  a powerful  tool  for  teaching 
basic  skills  to  reasonably  motivated  studnets  at  an  indivi- 
dualized rate.  To  accomplish  this,  many  DP  products  for  the 
mass  market  would  be  necessary. 

5.3.1  Computers . 

Educational  computers  would  require  high  density 
memories  for  course  and  library  materials,  and  different 
systems  would  be  needed  for  different  countries  and  even 
different  program  areas. 

5.3.2  Peripherals. 

To  tie  the  computers  together  requires  Input/Output 
devices  (10)  from  the  user  through  the  satellite  to  the  CPU. 
Extensive  computerized  instruction  would  require  a proliferation 
of  low  cost  terminals  and  microprocessors  capable  of  editing 
data,  and  remote  batch  activities  if  the  terminals  are  to 
service  users  in  wide  geographical  areas. 
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Networks . 


Effective  DP  networks  have  certain  practical  limita- 
tions in  CPU  capability  which  must  be  buffered  by  nodes  and 
supervisor  systems.  Extensive  use  of  far  flung  computer 
networking  services  will  provide  increased  markets  for  network 
communications  technology,  minicomputer,  and  other  interfacing 
hardware  and  software.  This  area  is  also  open  to  foreign 
competition  but  DP  equipment  is  still  an  area  in  which  the 
United  States  is  internationally  competitive.  Proliferation 
of  the  computer  to  the  personal  level  connecting  the  user  into 
networks  for  communications  and  educational  purposes  is  a 
market  that  is  only  beginning  to  unfold  with  great  growth 
potential. 

5.3.4  DP  Software. 

CAI  and  CMI  differentiated  for  different  nations  and 
user  levels  would  require  extensive  software  development. 
Pre-developed  packages  could  be  marketed  readily  creating  a 
large  software  service  need.  Regionalized  and  even  localized 
programming  and  custom  programming  services  could  also  be 
marketed  in  areas  where  there  is  no  technological  base  for 
software  development. 

5.4  Educational  Software. 

The  area  of  software  in  education  involves  both 

prepared  AV  educational  media  and  instructional  computer 
software. 

5.4.1 Computers . 

Software  in  computer  applications  would  include 

library  and  research  programs  which  could  be  accessed  through 
the  network. 
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5.4. 1.1  Library  Services. 

Library  and  research  services  provided  at  low  cost 
would  account  for  a great  deal  of  system  utilization. 

5. 4. 1.2  Curricular  Services. 

As  outlined  above,  CAI  and  CMI  curriculum  can  be 
prepared  and  customized  for  individual  users.  To  accomplish 
this  purpose  in  the  many  required  subject  areas,  massive 
software  development  programs  would  have  to  be  initiated  and 
continually  updated. 

5.4.2  Other  Educational  Media. 

Classified  under  educational  software  are  a variety 
of  other  educational  media  which  are  highly  marketable. 

5 . 4 . 2 . 1 Texts . 

To  support  satellite  educational  activities,  text- 
books and  workbooks  based  on  television,  radio,  and  computer 
coursework  can  be  marketed.  In  a large  scale  national  educa- 
tional communications  systems,  the  large  markets  are  readily 
accessible  by  the  publishing  industry.  Internationally,  as  in 
states  in  the  United  States,  approval  of  text  material  by 
regulatory  or  supervisory  agencies  could  result  in  enormous 
text  sales.  The  marketing  becomes  simpler  as  the  population 
increases  and  the  selection  agency  is  more  centralized. 

5. 4. 2. 2 Prepared  AV  Media. 

Educational  entrepreneurs  can  sell  various  prepared 
media  (slides,  film  video  segments  and  other  visual  and  audio 
peripherals)  for  electronic  distribution  as  teaching  aids  for 
audio  or  video  production.  These  educational  data  banks  could 
be  used  as  production  modules  to  create  the  programming  most 
suited  to  special  educational  needs.  Such  software  could  be 
leased  or  purchased  based  on  marketing  and  copyright 
agreements . 


395 


6.0 


Resulting  Job  Opportunities  (United  Stati ■ *>)  . 


6 . 1  Manufacturing  Jobs. 

The  construction  of  a space  industrialization  communi- 
cations system  will  involve  extensive  manufacturing  capability. 

6.1.1  Space  Hardware. 

Large  space  structure  communication  satellites  will 
have  to  be  fabricated  on  the  ground  for  deployment  in  space 
due  to  the  high  cost  of  manhours  in  the  space  environment. 

While  subsystems  could  be  contracted  to  international  agencies, 
final  launch  and  assembly  responsibilities  would  probably 
occur  in  the  United  States. 

6.1.2  Ground  Support  Systems. 

Emphasizing  educational  applications,  ground  support 
systems  to  utilize  a satellite  for  supply  of  commercial  services 
would  include  television  studios  (which  may  or  may  not  already 
exist),  large  computer  systems,  urban  video  distribution 
systems,  and  data  processing  support  hardware. 

6.1.3  User  (Consumer)  Products. 

Low  cost  products  foT  the  home  or  institutional  user 
which  must  be  manufactured  and  mass  marketed  include  the 
antennae,  audio  and  video  transmitters,  video  cameras  and 
microphones,  computer  terminals,  data  cassettes,  and  microfilm 
materials.  These  tools  link  the  user  with  the  satellite 
system  to  participate  in  educationally  related  uses  as  outlined 
in  previous  sections. 


396 


6.1.4 Supplemental  Products. 

To  supplement  educational  activities,  books,  other 
published  materials,  and  various  data  storage  devices  such  as 
audio  and  video  recording  devices,  would  enhance  user  parti- 
cipation in  the  educational  satellite  networks.  The  size  of 
the  market  for  manufactured  products  is  proportional  to  the 
satellite's  user  capability  and  inversely  proportional  to 
product  cost. 

6.2 Support  Service  Jobs. 

Operation  of  a successful  educational  satellite 
system  will  create  support  service  jobs  in  several  areas. 

6.2.1  Teachers. 


6. 2. 1.1  Media  Teachers. 

To  supply  the  necessary  programming  for  education 
activities,  whether  school,  homework,  or  leisure-oriented,  a 
cadre  of  teechers  able  to  interact  successfully  through  remote 
media  will  be  essential.  Such  teachers  will  require  a feel 
for  media  production  and  an  appealing  media  personality. 

6 .2. 1.2  Resource  Personnel. 

Teachers  for  educational  networks  will  be  required 
to  act  as  resource  personnel  to  other  teachers  and  to  interpret 
the  work  of  the  media  teacher  to  group  and  discussion  leaders. 

They  are  the  in-ser/ice  specialists  buffering  the  media  teachers 
and  the  group  and  discussion  leaders. 

OWGMALPAGEfc 
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6. 2. 1.3  Group  and  Discussion  Leaders. 

Large  numbers  of  part-time  and  full-time  teachers 
with  educational  training  will  be  required  to  input  into  peer 
groups,  to  be  available  as  two-way  interactive  resource,  to 
provide  stimulating  follow-on  discussions,  and  to  provide 
guidance  to  users  of  the  educat i jnal  network  services . 


6.2.2 


Audio-Visual  Production  Personnel. 


Substantial  numbers  of  educationally  oriented  audio- 
visual production  personnel  will  be  required  to  create  the 
necessary  support  programming  to  be  marketed  for  educational 
purposes.  This  will  include  television  and  radio  production 
capabilities  and  the  ability  to  translate  the  communicative 
media  into  viable  and  reliable  educational  formats. 

6.2.3  Computer  Services. 

6. 2. 3.1  Programming. 

Educational  services  provided  by  network  utilizing 
computers  will  require  a cadre  of  programmer- educators  capable 
of  creating  curriculum  to  be  used  and  administered  in  computer 
form.  These  educators  will  create  CMI  and  CAI  both  compatible 
with  and  independent  from  broadcast  courses. 

6. 2. 5. 2 Resource  Personnel. 

Interactive  personnel  must  be  available  via  network 
to  buffer  the  individual  user  and  the  network,  answering 
questions  and  providing  operational  network  guidance.  Like 
the  g^oup  and  discussion  leaders,  many  of  these  people  can  be 
university  students  and  graduate  students  who  work  part-time 
at  moderate  pay,  or  housewives,  or  inactive  teachers  who  would 
like  to  maintain  some  level  of  part-time  or  even  full-time 
connection  with  the  educational  process. 

6.2.4  Maintenance. 

As  outlined  previously,  extensive  sales  of  computers 
and  audio-visual  receiving  and  transmitting  equipment  will 
require  extensive  maintenance  networks  to  support  leasing  and 
purchase  agreements  of  educational  equipment.  Much  of  the 
maintenance  can  be  accomplished  through  manufacturers  of  the 
material  but  regional  maintenance  centers,  which  can  handle 
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6.2.4 


••Continued. 


virtually  any  compatible  system  hardware,  will  make  it  much 
easier  for  the  public  to  acquire  and  service  some  of  the  new 
components  which  they  will  need  to  participate  in  the  system. 

I 

6.2.5 Library  Services. 

A truly  large  scale  intersxtive  network  capable  of 
both  audio-visual  and  data  processing  interaction  offers 
extensive  job  possibilities  in  the  area  r library  services. 

6. 2. 5.1  Cataloguing. 

Assuming  ease  of  access  into  a large  scale  educational 
library  system,  cataloguing  to  keep  pace  with  the  geometric 
growth  of  publication  and  knowledge  will  involve  hundreds  if 
not  thousands  of  professional  librarians.  Even  continuous  use 
of  these  services  may  not  pay  for  the  expense  to  be  incurred 
in  cataloguing  the  incredible  amount  of  publishing,  but  some 
of  this  cost  can  be  absorbed  by  the  individual  user,  government, 
industry,  and  university  consortia. 

6.2.5.2  Bibliography. 

To  provide  ready  research  services,  on-line  biblio- 
graphical librarians  will  be  required.  Some  searches  can  be 
accomplished  by  using  data  processing  sorting  techniques  but 
other  researches  will  require  human  input. 

6. 2. 5. 3 Research. 

Like  bibliographical  compilation,  individual  inter- 
action will  be  required  for  many  research  needs.  This  will 
require  the  availability  of  competent  research  librarians 
trained  to  interact  via  data  processing  and  audio  links. 
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6. 2. 5. 4 Special  Features, 

Another  library  category  will  involve  culling  through 
incoming  materials  to  identify  special  features  of  general 
interest,  special  calendar  events,  special  programming,  ana 
literary  arrivals.  This  service,  sold  as  a magazine  by  sub- 
scription, will  allow  an  educational  satellite  system  user 
to  scan  events  prior  to  selection  of  educational  activities. 

6. 2. 5. 5 Inter-library  Loan. 

An  extensive  library  network  eliminates  much  of  the 
necessity  for  inter-library  loan;  the  librarians  will  be 
required  to  supervise  the  sharing  and  access  of  data  banks  for 
usage,  evaluation,  and  billing  purposes. 
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COST  OF  COURSE  VS.  # POPULATION  AFFORDABILITY 


# POPULATION 

25#  50#  75#  100# 


• # affordable  to  total  Educational  Population  (Age  3-Adult) 

— — — — # affordable  to  continuing  Educational  Population  (l6-Adult) 
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COST 


I 

f 

\ 


f 


1 

f 


(Based  on  variable  antenna  cost) 


— (Based  on  antenna  cost  (ATS-6  technology)  of  $200) 

— (Based  on  anticipated  cost  (Large  Spsce  Structure)  of  25) 

TV  Receiver  (B&W)  at  $100 
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i 
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CONTINUING  EDUCATIONAL  TELEVISION  VIA  SATELLITE 
DISTRIBUTION  SYSTEM 

COST  PARAMETERS 


Production:  (^V) 

Standard  ETV:  $5000/hr 

Subsidized  (donated  services  et  commercial  production  rates) 
as  low  as$1000/hr 

Elaborate  Production  (Sesame  Street) 

$48, 000 /hr 

Overseas: $2500/hr 
El  Salvador  $1300 /hr 
(RADIO)  $1000 /hr 

Transmission:  $1000 'hr 

WESTAR:  $1.2-2.17  million/yr  (1  transponder) 

(RADIO) 

2-way 

INTELSAT  $ 13,000/|circuit/yr(Jan.lQ72) 

WESTAR  $ 13,44o/circuit/yr  (NY-L.A.:  Spring.  1975) 

$ 7.440  " " (NY-  Atlanta) 
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kmj 

¥ 

COST  DRIVERS  | ■ 

i; 

I : 

! * 
i ■ 

j \ 

EFV  PRODUCTION  i • 

BROADCAST  (SATELLITE  & GROUND  FACILITIES) 

DISTRIBUTION  (USER  POPULATION) 

RECEIVER  ( RADIO/TV  + ANTENNA) 

C=  Cost  per  Student  per  Hour 
P=  Production  Cost  ($5000/hr) 

B=  Broadcast  Cost  ($1000/hr) 

R=  Receiver  (TV/Radio+  Antenna/hrs.  of  use)  (approx.  $. 09/hr) 
n=  User  Population  (Distribution  of  Programming) 


C * P + B + R 
n 


Cost  (C) 
$60.09 
6.09 
.69 

• 15 

• Oq6 
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EDUCATION  & SUPPORT  JOB  OPPORTUNITIES 
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RESEARCH 

FEATURES 

INTERLIBRARY  LOAN  (DATA  BANK  SHARI N6) 
D.P.  SERVICES 


Table  6 
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Table  6 (continued) 
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Mailgrams 


Professional  Development  Needs 
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Information  Storage,  Distribution  and  Utilization  of  Materials  and  Resources 
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ram  Development  and  Evaluation  Needs 
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3 hours  per  day  social  program  material  for 

pre -school  child  rer 

1000  hours  per 
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EMPLOYMENT  IMPLICATIONS  OF  ALTERNATIVE 
GOVERNMENT  PROGRAMS 

EXECUTIVE  SUMMARY 

The  allocation  of  resources  among  competing  uses  is  a central  problem  in 
developing  and  implementing  public  policy.  It  is  therefore  necessary  to 
establish  meaningful  criteria  for  measuring  tne  value  of  alternative  programs 
so  that  a basis  for  achieving  optimum  use  of  limited  resources  can  be  estab- 
lished. But  there  seems  to  be  a tendency  on  the  part  of  a few  policy  makers 
and  opinion  leaders  to  establish  unrealistic  criteria  for  these  purposes. 
Critics  of  the  space  program  who  argue  for  reduced  funding  by  claiming  that 
outlays  for  space  create  fewer  jobs  than  other  types  of  spending  fall  into 
this  category. 

i'he  proper  view  is  that  the  purpose  of  the  space  program  and  nearly  all 
other  public  programs  is  not  job  creation  per  se,  and  that  allocative  deci- 
sions on  these  programs  should  more  appropriately  relate  to  their  primary 
goals.  To  argue  the  merits  of  space  on  the  basis  of  jobs  diverts  attention 
from  the  real  purposes  and  benefits  of  the  space  program.  But  the  issue  of 
jobs  is  increasingly  voiced  by  space  antagonists,  and  a response  is  therefore 
in  order. 

All  public  spending  programs  create  or  sustain  jobs  unless  the  economy  is 
fully  employed  at  the  outset,  for  recessions  and  high  unemployment  are  caused 
by  insufficient  aggregate  demand  (total  spending)  in  the  economy.  The  argu- 
ments of  the  critics,  however,  seem  to  be  that  space  spending  is  relatively 
inefficient  in  this  respect.  This  theme  is  discernible  in  three  forms: 
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1)  Income  transfer  programs,  the  category  Into  which  most  Income 
security  and  other  social  programs  fall,  usually  generate  more 
jobs  per  outlay  dollar  than  government  purchases,  the  category 
into  which  the  space  program  falls 

2)  space  spending  diverts  resources  from  programs  that  create  more 
jobs  tnan  the  space  program 

d)  implicitly,  the  main  concern  of  public  policy  should  be  with  near 
term  conditions,  and  outlays  for  program';  ot  a social  nature 
create  more  immediate  and  near  term  )ot>s  than  outlay;;  for  space. 
The  first  argument  will  be  shown  to  be  highly  questionable,  and  the  facts 
do  not  sustain  the  second  one,  larts  of  the  ttu.ru,  however,  have  super- 
ficial validity,  but  it  completely  ignore.,  longvt  term  <.<m..iuerations, 

• is  of  the  arguments  can  he  briefly  assesses  as  follows: 

1 . Transfer  programs  vs.  government  purchaser,  program,  as  job  creators . 

In  comparing  equivalent  increments  e : spenJint.  fjr  transfers  and 
government  purchases,  s.iv  $1  million,  it  must  be  lent  in  mind  that 
some  fraction  of  the  transfers,  albeit  a very  small  one,  will  find 
its  way  into  savings  and  thus  will  be  withheld  from  the  spending 
stream  at  the  initial  round  of  spending.  This  is  true  because 
transfers  do  not  represent  direct  purchases  of  output.  Instead 
they  arc  merely  redistributions  of  income  by  the  government  to 
bolster  the  incomes  of  the  recipients.  Thus  rather  than  $1  million 
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Immediately  buying  goods  and  services,  creating  direct  jobs  and  setting 
off  a chain  reaction  of  secondary  buying  and  indirect  jobs,  some  amount 
less  than  that  will  be  initially  injected  into  the  spending  stream  by 
the  transfer  recipients. 

In  the  case  of  government  purchases,  however,  there  is  no  initial  leak- 
age and  the  full  $1  million  is  spent  at  the  outset.  Thus  conceptually, 
government  purchases  tend  to  create  more  jobs  than  transfer  payments 
simply  because  the  initial  increment  of  spending  is  higher.  In  fact, 
it  can  be  shown  that  theoretically,  government  purchase  multipliers  are 
exactly  one  more  than  transfer  multipliers  - if  the  latter  is  two,  the 
former  is  three. 

There  are  many  qualifications  to  this  line  of  reasoning,  the  most 
obvious  one  being  that  transfers  usually  go  to  people  in  lower  Income 
groups  who  tend  to  spend  more  and  save  less  of  their  Income  increments, 
i.e.,  they  have  a higher  marginal  propensity  to  consume.  To  the  extent 
this  is  true,  the  multiplier  differentials  between  purchase  and  transfer 
programs  will  be  somewhat  less  than  one.  But  the  point  is  that  a sound 
case  can  be  made  favoring  government  purchases  as  being  more  efficient 
in  stimulating  spending  and  employment  than  transfers. 

Perhaps  of  greater  significance  than  the  refutation  of  this  "pro 
transfer"  argument  used  by  space  critics,  however,  is  to  point  out  that 
it  is  superficial.  It  applies  only  to  the  short  term,  and  it  erroneously 
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assumes  that  the  space  program  is  a serious  competitor  with  social 
programs.  Furthermore,  it  fails  to  relate  to  the  primary  goals  of 
the  programs  falling  into  either  the  purchases  or  transfer  spending 
categories. 

2.  Space  spending  diverts  resources  from  other  programs. 

Those  who  urge  reductions  in  space  spending  inevitably  argue  that  with 
less  spent  on  space,  more  will  be  spent  on  the  programs  they  support, 
‘hireov  better  serving  the  national  interest  including,  of  course,  the 
g 1 of  full  employment.  But  there  is  little  evidence  to  sustain  this 
position  and  those  who  so  argue  have  little  understanding  of  the  political 
economy  of  federal  budget  making. 

Kecent  experience  with  income  security  and  health  programs  is  fairly 
typical  of  outlay  trends  for  all  social  programs.  From  FY  196b  to 
1974,  when  space  spending  declined  from  $5.b  billion  to  $3.0  billion, 
annual  outlays  for  federal  income  security  and  health  programs  rose  from 
$31.3  billion  to  $106. 5 billion  - an  increase  of  $75.0  billion.  Whereas 
spending  on  space  in  FY  1975  will  remain  at  approximately  the  $3.0  billion 
level,  outlays  for  income  security  and  health  programs  are  expected  to 
rise  to  $133.2  billion.  In  this  year  alone,  then,  expenditures  for  these 
programs  will  have  risen  by  nearly  >27  billion.  In  light  of  this  evi- 
dence, it  is  Impossible  to  argue  convincingly  that  the  space  program  has 
diverted  funds  from  social  programs. 
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3.  Outlays  for  public  works,  public  service  employment  and  other  social 


programs  create  wore  jobs  than  space  outlays. 

1 tils  argument  elicits  the  real  substantive  Issues  involved  in  the 
overall  question  of  the  employment  effects  of  public  programs.  Those 
proffering  it  make  their  estimates  by  assuming  the  total  number  of  jobs 
created  is  the  quotient  obtained  by  dividing  a given  outlay  by  an  esti- 
mate of  the  average  annual  wage  of  the  workers  involved,  obviously 
their  analysis  concludes  that  more  immediate  jobs  are  created  if  the 
productivity  nnu  therefore  the  average  wave  of  workers  on  a program 
is  lower  than  if  the  workers  enjoy  higher  wages. 

This  narrow  approach  is  deficient,  however,  in  that  it  ignores  the  important 
qualitative  and  longer  term  quantitative  aspects  of  Hie  job  issue.  It  is 
important  to  adopt  a balanced  approach  to  employment  policy  lest  we  sacri- 
fice our  option  for  a viable  and  fully  employed  future  economy  by  taking 
short  term  measures  that  starve  programs  capable  of  creating  productive 
capacity.  With  this  in  mind,  space  activity  lias  greater  potency  in 
creating  future  employment  than  most  programs  advocated  by  its  detractors. 

Tiie  logic  chain  is  straightforward:  economic  progress  (improved  productivity 

and  economic  growth)  is  necessary  to  meet  future  emnl  icnt  needs  of  a 
growing  labor  force,  tecunologv  is  the  chief  source  of  economic  progress, 
and  space  research  and  development  is  an  important  source  of  technology 
that  contributes  directly  and  in'irectlv  to  higher  productivity.  Therefore 
adequate  support  to  space  Kki)  activity  contributes  in  a significant  way 
to  solving  the  nation's  employment  problems. 
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Concluding  Remarks 

It  is  a fact  that  high  technology  activity  like  the  apace  program  adds  to  the 
nation's  productive  capacity  and  results  in  productivity  gains  to  a far 
greater  extent  than  most  of  the  social  programs.  This  doesn't  mean  the  latter 
are  unjustified,  but  if  ve  are  to  have  an  approach  balanced  between  current 
and  future  needs,  if  we  want  to  establish  the  basis  for  a fully  employed  labor 
force  in  the  future,  we  can  ill  afford  to  further  reduce  current  outlays  for 
space  and  other  high  technology  activity.  The  social  cots  of  Inadequate  sup- 
port for  space  are  not  just  the  Immediate  loss  of  jobs  occupied  by  scientists, 
engineers  and  skilled  technicians,  but  the  potential  loss  to  the  nation's 
productive  capacity  and  its  ability  to  accommodate  growth  and  a sufficient 
employment  base  in  the  future. 


EMPLOYMENT  IMPLICATIONS  OF  ALTERNATIVE 
GOVERNMENT  PROGRAMS 


INTRODUCTION 

Recent  efforts  to  escalate  to  the  status  of  a major  Issue  a comparison  of  the 
quantitative  aspects  of  space  program  employment  with  the  job  creation  ability 
of  other  programs  constitute  a most  unfortunate  trend.  Such  digressions 
divert  attention  from  the  real  purposes  and  benefits  of  the  space  program.  As 
in  the  case  of  all  but  an  infinitesimal  number  of  the  thousands  of  programs 

4 

conducted  by  the  federal  government  in  the  public  interest.  Job  creation  is  a 
result  but  not  a specific  purpose  of  the  space  program.  The  few  current 
examples  of  public  programs  at  the  federal  level  whose  chief  objectives  are 
to  create  Jobs  are  mostly  found  in  the  public  service  employment  category. 

But  these  are  emergency  measures  specifically  designed  to  provide  jobs  on  a 
temporary  basis  in  periods  of  high  unemployment.  Nearly  all  other  government 
programs,  whether  in  support  of  public  policy  in  the  economic,  social,  foreign 
or  defense  realms,  have  different  primary  purposes.  Debates  and  allocative 
decisions  on  these  programs  should,  therefore,  relate  to  their  primary  pur- 
poses, and  each  program,  including  space,  should  be  measured  against  criteria 
based  on  these  principal  objectives. 

This  point  was  made  in  a recent  report  prepared  by  the  staff  of  the  Committee 
on  the  Budget,  U.S.  Senate.  In  discussing  the  job  creation  and  other  fiscal 
implications  of  alternate  government  programs,  the  report  stated  that  rather 
than  assign  differential  economic  Impacts  to  alternative  expenditure  programs," 
it  is  better  to  argue  the  issues  of  defense  versus  income  transfers  in 
terms  of  need  for  national  security  and  the  need  for  income  redistribution. 


Similarly,  considerations  of  international  politics,  not  domestic  macro- 
economics, should  determine  the  level  of  foreign  aid". ^ 

The  fact  that  space  antagonists  have  raised  the  issue  of  jobs,  however,  neces- 
sitates a studied  response.  It  is  a simple  arithmetic  process  ^ estimate 
*obs  by  dividing  a proposed  government  outlay  by  an  approximation  of  the 
average  wage  of  the  workers  to  be  assigned  to  the  program.  This  naive 
approach  Is  becoming  Increasingly  popular  among  critics  of  the  space  program, 
for  obviously  more  lower  paying  jobs  will  be  created  in  the  short  run  for  a 
given  level  of  spending  - the  lower  the  average  wage,  the  greater  the  number 
of  jobs.  But  this  Is  a narrow  and  unbalanced  technique  that  ignores  longer 
term  considerations  of  the  employment  Issue. 

The  purpose  of  this  paper  Is  to  aid  additional  dimensions  to  this  Issue  by 
considering  employment  Implication  of  alternative  government  programs  pri- 
marily from  a qualitative  standpoint  within  a broader  time  frame  than  con- 
sidered by  the  critics.  It  will  be  shown  that  as  In  most  things,  a balanced 
approach  is  necessary  In  coping  with  problems  of  unemployment,  and  that 
excessive  reductions  of  high  technology  activities  like  the  space  program  can 
seriously  exacerbate  future  problems  associated  with  achieving  a full  employ- 
ment economy. 


^"Fiscal  Alternatives  In  1975.”  A Preliminary  Staff  Report,  Committee  on  the 
Budget,  U.S.  Senate,  3 March  1975,  p.  24. 
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Three  basic  irtu  relevant  to  tha  employment  Issue  ara  explored.  Tha  first 
addresses  tha  question  of  mathods  of  funding  public  programs  and  thalr  impll- 
catlona  to  employment  1 avals.  The  sacood  analyses  the  longer  tern  effects  on 
incoeu  and  eaploynent  of  space  and  other  high  technology  programs.  And  the 
final  area  reviews  the  claims  of  those  who  argue  that  the  space  program  has 
diverted  resources  from  social  programs  designed  to  deal  directly  with  prob- 
lems of  unemployment  and  poverty.  The  first  and  third  sections  are  included 
because  they  directly  respond  to  oft-heard  but  fundamentally  superficial  views 
of  some  of  the  more  outspoken  critics  of  the  space  program.  Usually  over- 
looked by  these  critics  are  the  more  substantive  issues  developed  in  the 


second  section. 


TRANSFER  PAYMENTS  AND  GOVERNMENT  PURCHASES  AS  JOB  CREATORS 


A fundamental  misconception  exists  in  the  minds  of  a number  of  critics  of  the 
space  program  with  respect  to  the  inherent  job  creation  ability  of  various 
types  of  government  spending  programs.  This  most  particularly  applies  to 
government  transfer  payments  compared  with  programs  involving  direct  govern- 
ment purchases  of  goods  and  services.  Implicit  in  the  views  expressed  by 
those  who  advocate  reallocation  of  resources  from  space  to  income  security  or 
similar  programs  via  the  transfer  mechanism,  is  the  belief  that  more  total 
jobs  will  thus  be  created.  But  this  is  not  necessarily  the  case  for  reasons 
briefly  developed  below  and  in  greater  detail  in  the  Appendix. 

Federal  sector  expenditures  can  be  thought  of  in  terms  of  several  major  group- 
ings. The  three  primary  ones  are  purchases  of  goods  and  services,  transfer 
payments,  and  grants-ln-aid  to  state  and  local  governments.  Purchases  are 
that  portion  of  the  nation's  output  of  goods  and  services  bought  directly  by 
the  federal  government.  These  purchases  absorb  output  and  are  included  in 
calculating  the  GNP  (which  includes  only  the  value  of  goods  and  services  sold 
to  final  users  during  a year).  Transfers,  on  the  other  hand,  do  not  in 
themselves  represent  purchases  of  output,  but  rather  are  payments  by  the 
government  to  individuals  to  bolster  their  incomes  rather  than  to  reward  them 
for  current  productive  services.  They  are  merely  redistributions  of  income 
among  segments  of  society  with  the  government  acting  as  the  transfer  agent. 
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Finally,  grants-in-aid  outlay*  aupport  programs  designed  to  help  stats  and 
local  governments  finance  their  own  transfer  activities  and  purchases  of 
goods  and  services. 

A major  shift  in  federal  expenditures  has  been  underway  for  a numbet  of  years. 
This  can  be  seen  in  Table  1.  In  1965,  purchases  represented  54  percent  of 
total  government  outlays  - $64.4  billion  out  of  $118.5  billion.  Although 
Increasing  to  $110.3  billion  In  1974,  purchases  l««t  year  were  only  40  percent 
of  the  total,  and  will  represent  only  37  percent  this  year.  There  has  been 
a corresponding  rise  in  the  other  components,  especially  in  transfer  payments 
which  are  estimated  to  exceed  purchases  in  1975.  Transfers  were  only  $30.5 
billion  in  1965,  just  26  percent  of  total  federal  expenditures.  This  year 
they  will  approximate  $132  billion,  or  41  percent  of  the  total.  Combined 
outlays  for  transfers  and  grants  are  expected  to  be  well  over  half  of  total 
federal  sector  expenditures  this  year.  Indeed,  they  account  for  the  bulk  of 
the  increase  in  federal  spending  in  recent  years. 

Within  the  context  of  this  paper,  the  fundamental  question  with  respect  to 
these  federal  spending  trends  is  not  the  relative  social  merits  of  the  pro- 
grams each  outlay  mode  suppcrts.  Disagreements  certainly  arise  over  degree, 
but  few  would  deny  the  need  for  Income  redistribution  programs  of  the  type 
implemented  by  transfer  payments  in  such  areas  as  Income  security,  health 
care,  and  veteran’s  benefits.  The  real  issue  here,  however,  is  the 
frequently  heard  suggestion  of  using  the  transfer  device  as  an  employment 
stimulant.  This  effectively  can  be  translated  as  meaning  reducing 
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Table  1 . FEDERAL  EXPENDITURES  IN  THE  NATIONAL  INCOME  ACCOUNTS 
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government  purchases  and  Increasing  transfers  as  an  Instrument  of  public 
policy  for  creating  jobs.  Conceptually  this  Is  not  sound  policy  for  It  Is  a 
fact  that*  ceteris  paribus,  government  purchases  evoke  a greater  impact  on 
employment  than  transfer  payments.  Thus,  if  the  sole  purpose  of  a govern- 
ment program  Is  that  of  creating  jobs,  the  efficient  approach  In  most 
Instances  is  through  direct  purchases. 

The  reasons  for  this  are  explained  In  some  detail  In  the  Appendix  and  von't 
be  developed  at  length  here.  Quite  simply,  however,  the  full  amount  of  an 
Increment  of  government  purchases,  say  $1  million.  Increases  the  direct 
demand  for  goods  and  services  and  therefore  Increases  GNP  by  exactly  $1  mil- 
lion. As  a result,  direct  employment  Is  created  In  delivering  the  $1  million 
of  final  goods  and  services  to  the  government.  A multiplier  effect  then  takes 
hold.  As  this  $1  million  Is  respent  by  its  recipients,  additional  Indirect 
jobs  are  created.  A third  round  of  spending  will,  in  turn,  cause  even  more 
Indirect  jobs.  There  are  leakages  in  the  secondary,  tertiary  and  subsequent 
rounds  of  spending  that  ultimately  bring  an  end  to  the  rise  In  total  employ- 
ment. But  the  working  of  the  employment  multiplier  creates  total  employment 
effects  In  excess  of  the  direct  employment  occasioned  by  the  initial  $1  million 
outlay. 

A somewhat  smaller  level  of  total  employment  tends  to  be  created  by  transfer 
payments  because  the  initial  injections  of  spending  are  smaller.  Recipients 
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of  $1  million  in  transfers  will  probably  spend  most  of  it  on  goods  and  ser- 
vices. However,  portions  of  the  transfer  payments  will  find  their  way  into 
personal  savings.  Thus  some  percentage  of  the  original  $1  million,  say  10Z, 
has  leaked  from  the  spending  stream  at  the  initial  round  of  spending.  So  now 
rather  than  $1  million  calling  forth  goods  and  services,  creating  direct 
jobs,  and  setting  off  a chain  reaction  of  secondary  buying  and  indirect  jobs, 
only  $.9  million  is  injected  into  the  spending  stream.  Thus,  transfer  pay- 
ments tend  to  create  less  employment  than  government  purchases  simply  because  * 
the  initial  increment  of  spending  is  lower.  Indeed,  the  Appendix  develops 
the  point  that  multipliers  applicable  to  purchases  are  theoretically  higher 
by  exactly  one  (e.g. , 3 vs.  2,  or  4 vs.  3)  than  those  resulting  from  trans- 
fers, and  therefore  more  jobs  result  from  government  purchases. 

There  are  caveats  associated  with  this  analysis  that  suggest  the  multiplier 
differential  in  practice  is  usually  less  than  one.  And  there  is  always  the 
question  of  lag  times  before  the  effects  of  various  programs  are  felt.  But 
nevertheless,  the  principle  that  government  purchases  for  space  and  other 
purposes  tend  to  create  more  Jobs  in  the  long  run  than  the  number  created 
by  transfers  has  fundamental  validity.  Thus  one  could  argue  on  this 
theoretical  basis  alone  that  from  the  standpoint  of  job  creation,  spending 
in  support  of  the  space  program  compares  at  least  favorably  with,  and 
probably  is  superior  to,  programs  implemented  by  transfer  payments. 
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Having  made  thin  argument,  the  fact  atill  remaina  that  the  thruat  of  thia 
whole  debate,  precipitated  by  the  space  antagonists  and  skewed  to  concentrate 
on  the  short  term,  is  rather  superficial.  The  basic  considerations  of  the 
space  program  as  an  employment  creator  are  multl-dlmenslonal  with  respect  to 
depth  sad  breadth,  i.e.,  in  terms  of  the  role  of  space  technology  in 
stimulating  longer  term  advances  In  productivity  and  economic  growth.  Thus, 
if  the  critics  persist  In  debating  the  employment  generation  capability  of 
the  space  program,  the  focus  should  be  placed  on  the  stimulative  effects  of 
space  technology  on  the  economy  and  how  these,  in  turn,  are  ultimately 
transformed  into  jobs. 
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An  understanding  of  the  contributions  of  space  technology  to  employment  levels 

requires  an  appreciation  of  the  role  technology  plays  in  stimulating  improved 

productivity  and  economic  growth.  This  is  true  simply  because  in  an  Industrial 

nation,  it  is  fundamentally  through  technologically-induced  economic  progress 

that  employment  opportunities  are  Increased  at  rates  commensurate  with  the 

needs  of  the  labor  force  while  the  concomitant  desires  of  society  for  more 

leisure  time  and  higher  real  per  capita  output  are  met.  This  has  been  the 

(2) 

historical  secular  pattern  in  the  United  States.  As  Boretsky  points  out, 
American  technology  caught  up  with  Europe  three-fourths  of  the  way  through 
the  19th  century,  was  higher  than  Europe's  by  the  beginning  of  this  century, 
and  by  the  end  of  World  War  II  it  had  far  outdistanced  the  rest  of  the  world. 
Its  technological  prowess  was  largely  responsible  for  this  country  becoming 
the  greatest  world  power  - not  just  militarily,  but  also  economically  and 
politically.  And  during  thj.8  entire  period,  except  for  cyclical  deviations. 
Job  opportunities  were  expanded  to  meet  the  requirements  of  an  expanding 
labor  force. 

If  we  are  to  continue  to  progress  and  achieve  the  goals  of  full  employment 
and  economic  stability,  the  advancement  of  technology  must  be  facilitated. 
There  is  no  question  that  technology  and  growth  generate  C09ts  (e.g., 


^Michael  Boretsky,  "Trends  in  U.S.  Technology:  A Political  Economist's 

View,"  American  Scientist,  Volume  63,  January-February,  1975. 
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pollution,  urban  decay)  aa  wall  as  benefits  to  society,  and  that  therefore 

a balanced  growth  Involving  qualitative  concerns  aa  well  as  quantitative 

considerations  is  In  order.  But  the  space  critics,  the  anti-technologists , 

and  the  no-growth  advocates  have  lost  sight  of  two  essential  facts: 

1)  without  balanced  growth,  there  will  be  higher  unemployment , lower  per 

capita  real  income,  and  intensified  social  turmoil;  and  2)  technology, 
including  that  developed  through  the  space  program,  Is  a prime  source  of 

growth. 

Implicit  in  the  preceding  comments  are  the  fundamental  arguments  favoring 
the  space  program  as  having  a more  productive  role  in  stimulating  employment 
In  the  longer  term  than  most  of  the  programs  advocated  by  the  critics  of 
space.  These  arguments  can  be  logically  tied  to  the  following  sylloglstlcally 
arranged  proposltlona : 

1)  Economic  progress,  defined  as  increased  productivity  and  higher  per 
capita  real  (non-inf lationary)  national  Income,  is  necessary  to 
generate  adequate  employment. 

2)  Technology  Is  the  chief  source  of  economic  progress  In  our  advanced 
economy. 

3)  Space  research  and  development  activity  Is  an  Important  source  of 
technology. 

4)  Therefore,  adequate  aupport  to  space  R&D  activity  contributes  In  a 
significant  way  to  longer  term  solutions  to  the  nation's  employment 
problems . 
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There  has  been  extensive  research  since  World  War  II  underlying  the  first 
two  propositions,  and  near  unanimity  exists  among  economists  as  to  their 
validity.  Significant  research  since  1970  undergirds  the  third  proposition, 
and  although  it  is  too  early  to  claim  unanimity,  compelling  evidence  in  its 
support  is  rapidly  building.  One  product  of  this  research  is  a large  body  of 
literature  documenting  the  basic  validity  of  these  propositions.  Therefore 
the  following  sections,  derived  from  this  documentation,  are  only  expository 
and  are  intended  to  briefly  explain  in  a sequential  manner  why  these  prop- 
ositions are  true. 

Proposition  No.  1 Economic  progress  is  necessary  to  generate  adequate 

employment  in  the  long  run. 

The  basic  logic  of  this  principle  is  clear  and  should  require  little  elabora- 
tion. The  fundamental  way  to  provide  more  jobs  and  full  employment  for  an 
expanding  labor  force  is  through  economic  expansion.  This  can  be  accomplished 
primarily  by  fostering  Increased  productivity.  Through  Improved  productivity 
greater  efficiency  is  achieved  in  the  production  process  making  it  possible 
to  reduce  costs  and  prices,  increase  consumption,  expand  domestic  nnd  foreign 
markets,  and  thereby  create  more  jobs  and  Increase  overall  employment. 

On  the  other  hand,  a number  of  potential  problems  inherently  exist  in  a static 
economy  with  a constant  real  GNP.  The  undertaking  of  any  new  programs,  for 
example,  would  entail  a cutback  in  labor  and  other  factors  of  production  applied 
to  current  programs.  More  resources  for  anti-poverty  endeavors  or  pollution 
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control  would  mean  lower  consumer  and  capital  goods.  The  disruption  to 
established  patterns  of  consumption  resulting  froa  allocating  a greatar  per- 
centage of  existing  resources  to  social  capital  would  foment  social  and 
political  turaoll.  And  aoet  pertinent  to  the  question  of  jobs,  a atatlc 
economy  with  a growing  labor  force  would  lead  to  dlalnlshlng  returns  with 
the  ultimate  danger  of  visiting  upon  our  society  the  scourge  of  persistent 
aass  unemployment. 

Proposition  Ho.  2 Technology  is  the  chief  source  of  economic  progress  In 

our  advanced  economy. 

There  Is  no  single  explanation  for  the  phenomena  of  productivity  Increase  and 

economic  growth.  Determinants  are  many  and  complex  and  Include  not  only 

advances  In  scientific  and  technical  knowledge,  hut  a steady  growth  in  the 

stock  of  capital  per  worker,  the  spread  of  education,  and  an  expansion  of 

markets  making  possible  specialization  and  economies  of  scale.  There  la  no 

question,  however,  that  technology  advances,  more  commonly  referred  to  as 

(3) 

technological  change,  play  a key  role.  Edward  Denison'  , for  example,  con- 
cluded that  for  the  1948  to  1969  period,  about  one-half  of  the  four  percent 
growth  rate  of  national  income  was  attributable  to  quantitative  Increases  In 
Input  in  the  form  of  labor  and  capital,  and  the  other  half  can  be  ascribed 

(31 

'Bearings  before  the  Subcoailttee  on  Priorities  and  Economy  In  Government  of 
the  Joint  Economic  Coamlttee,  Congress  of  the  United  States  (April  1972) , 
pp  119-120. 
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to  an  increase  in  productivity,  by  far  the  most  important  determinant  of 
the  latter,  1.2  percentage  points  of  the  four  percent  growth  rate,  lias 
been  the  adoption  of  new  techniques  and  practices  made  possible  by 
advances  in  knowledge,  i.e.,  technology. 

The  reason  for  technology’s  economic  leverage  can  be  demonstrated  by  turning 
to  the  basic  production  function  used  in  many  studies.  It  is  expressed  in 
the  form  - 

Qt  " Atf  <Kt,  Lt), 

where: 

Qt  ■ output  la  time  perlodt, 

■ capital  used  during  timet> 

L(  ■ labor  expended  in  tlmec»  and 

Afc  » level  of  technology  applied  during  timec« 

This  basic  equation,  which  assumes  technological  progress  ;o  be  "neutral”  in 

the  sense  that  it  affects  labor  and  capital  equally  and  that  improvements  in 

the  quality  of  labor  and  capital  are  measured  as  a component  of  technology, 

(4) 

is  the  fundamental  equation  used  by  Solov  in  an  earlier  landmark  study  of 
(4) 

Solov,  R.M. , "Technical  Change  and  the  Aggregate  Production  Function," 
The  Review  of  Economics  end  Statistics,  August  1957,  pp  312-320. 
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che  Impact  of  technology  on  econonlc  growth.  It  Is  particularly  noteworthy 
that  here  the  technology  factor,  A£,  acts  aa  a multiplier.  This  multiplica- 
tive property  of  technological  progress  In  augmenting  labor  and  capital  Is 
widely  accepted  In  economic  research.  It  suggests  that  resources  allocated 
to  an  Indus tty  with  a high  tech-  ology  factor  can  provide  significantly  greeter 
econcmic  leverage  than  those  used  in  Industries  with  low  At  factors. 

On  a less  esoteric  plane,  the  reason  for  technology's  economic  leverage  Is 
no  mystery,  for  as  suggested  In  the  foregoing,  technology  Is  the  vital  growth 
component  In  the  other  productive  factors.  Without  it,  additional  Increments 
of  Land  and  labor  vill  rapidly  become  subject  to  diminishing  returns.  Land, 
and  the  natural  resources  it  embodies,  can  contribute  little  to  growth  unless 
technology  is  applied  to  unlock  Its  riches.  The  sane  applies  to  lsbor.  Some 
growth  can  b».‘  caused  by  institutional  reorganisations  within  society  which 
Increase  the  rv:  :«;jtai,a  of  people  usefully  employed,  and  further  Increments 
can  be  achieved  l y improving  labor  mobility  and  thus  permitting  labor  to  move 
from  less  to  mo^e  productive  Industries.  But  on.tc  usefully  employed,  a 
worker's  physical  and  mental  capacities  limit  any  significant  Increase  ’n 
output  he  may  achieve.  Therefore,  technology  advances  embodied  in  the  capi- 
tal goods  be  uses,  and  dls  ^.bodied  In  the  form  of  Improved  organizational 
techniques  and  managerial  methods,  become  the  central  factor  In  Increasing 
his  oroductivlty.  Worker  productivity  will  not  increase  by  replacing  worn- 
out  abacuses  and  natchets  with  new  ones.  But  it  will  Increase  by  replacing 
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the  worn-out  abacuses  and  hatchets  with  computers  and  chain  saws.  In  this 
light,  technology  is  quite  obviously  the  key  to  winning  the  race  against 
diminishing  leturns  and  to  achieving  economic  progress. 

Proposition  No.  3 Space  research  and  development  activity  is  an  important 

source  of  technology  and,  therefore,  contributes  to 
longer  term  solutions  to  the  nation's  employment  problems. 

In  considering  space  R&D  as  an  important  source  of  technology,  it  is  first 

« 

necessary  to  state  that  R&D  activity  in  general  is  considered  by  economists 
to  be  the  major  contributor  to  technological  change.  A number  of  researchers 
have  reached  this  conclusion  after  discerning  positive  and  statistically  sig- 
nificant correlations  between  the  level  of  R&D  activity  and  advancing  tech- 
nology. One  recent  comprehensive  assessment  of  this  relationship  sponsored 
by  the  national  Science  Foundation  concluded , for  example,  that  all  available 
evidence  on  this  subject  points  in  a single  direction:  "The  contribution  of 

R&D  to  economic  growth.  . .is  positive,  significant  and  hlgh."^  The  princi- 
pal reason  for  this  relationship  is  that  the  rate  of  technological  change  is 
to  a great  degree  functionally  related  to  the  amount  of  resources  devoted  to 
the  improvement  in  technology,  and  R&D  usually  is  the  primary  method  available 
to  firms,  industries  and  the  nation  for  channeling  its  resources  to  improve 
technology . 


^National  Science  Foundation,  "A  Review  of  the  Relationship  between  R&D  and 
Economic  Growth/Productivity,"  February  1971. 
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Turning  to  space  R&D.  several  studies  have  been  undertaken  during  the  past 
four  years  to  assess  the  Indirect  economic  effects  of  the  space  program  on  the 
national  economy.  Without  exception,  they  have  all  reached  similar  conclu- 
sions : space  R&D  has  highly  stimulative  economic  effects  In  terms  of  (1)  pro- 

moting higher  productivity  rates,  greater  real  growth,  and  an  Improved  trade 
balance  posture;  (2)  In  serving  as  a partial  offset  to  Inflation;  and  (3)  In 
realizing  high  rates  of  return  on  the  Investment  In  the  space  program. 

These  general  findings  vere  revealed  Initially  In  a comprehensive  study  by 
the  Midwest  Research  Institute  (MRI)^  during  the  1970-1971  period.  This 
was  the  first  uajor  scholarly  effort  undertaken  to  understand  the  indirect 
contribution  of  the  space  program  to  the  national  economy,  and  it  concluded 
that  "on  the  average,  R&D  expenditures  have  been  an  excellent  national 
Investment,"  and  that  ".  . .high  technological  undertakings,  such  as  the 
space  program,  d?  exert  disproportionate  weight  toward  Increased  national 
productivity."  Subsequent  studies^  of  the  economic  implications  of  space 
R&D  activity,  ir.ludlng  several  using  advanced  econometric  methods,  have 
reinforced  these  conclusions. 


^^Midwest  Research  Institute,  "Economic  Impact  of  Stimulated  Technological 
Activity,"  Part  I.  November  1971. 

^See,  for  example:  Chase  Econometric  Associates,  "Economic  Cmpact  of  Space 

R&D  Technology,"  May,  1973;  Merz,  C.M.,  Clbson,  T.A.,  Seit?;,  C.W.,  "Impact 
of  the  Space  Shuttle  Program  on  the  National  Economy,"  The  Engineering 
Economist,  Winter  1973. 


The  .oot  cause  of  the  unusually  high  economic  leverage  of  space  technology 
is  the  inherently  high  technology  content  of  the  space  program  itself, 
MSA-sponsored  R&l)  activity  spans  some  33  major  technical  disciplines  within 
the  mechanical,  electrical,  chemical,  aeronautical,  materials,  and  structural 
engineering  fields.  And  the  nation's  space  activity  has  precipitated  a rapid 
expansion  of  our  knowledge  in  these  fields.  It  goes  without  saying,  there- 
fore, that  in  pursuing  its  advanced  programs,  NASA  must  depend  primarily  on 
support  from  high  technology  industries.  And  in  allocating  its  R&D  dollars 
to  the  more  technologically  intensive  industrial  sectors,  NASA  feeds  those 

innovative  Industries  that  generate  the  technology  stimulus  our  economy  must 
have  for  improved  productivity  rates  and  expanded  output.  The  industrial 

firms  receiving  most  of  NASA  RAD  funds  have  a common  characteristic:  they 

are  capable  of  advancing  technical  gains  beyond  those  necessary  to  meet  the 

immediate  requirements  of  the  space  program. 

It  is  axiomatic  that  the  proliferation  of  space  technology  - in  management 
methods  as  well  as  in  materials,  processes  and  techniques  - would  have  little 
secondary  value  were  it  not  transferred  and  widely  diffused  throughout  the 
non-space  sectors.  For  diffusion  and  subsequent  application  to  take  place, 
there  must  be  efficient  technology  transfer  processes.  In  the  case  of  the 
space  program,  several  formal  and  informal  mechanisms  have  effectively  facili- 
tated these  processes  in  response  to  the  mandate  in  NASA's  charter  to  actively 
encourage  the  infusion  of  space  technology  into  the  private  sector.  These 


SSS’SSS* 


transfer  nodes  range  all  the  way  from  the  formal  input  and  output  programs  of 

NASA's  Technology  Utilization  Office,  to  intersectoral  diffusion  of  space 

technology  through  professional  societies  and  the  relocation  of  skilled 

individuals  from  the  space  program  to  other  sectors  of  the  economy.  The 

effectiveness  of  these  well-developed  conduits  for  transferring  the 

technology  generated  In  the  space  program  to  nonspace  sectors  is  attested 

to  by  the  numerous  studies  conducted  to  reoort  the  technology  fallouts  and 

to  measure  the  technology  advancements  and  gains  to  society  which  have 

resulted  from  the  marshalling  of  resources  to  meet  the  goals  of  the  national 
(8) 

space  program.  All  have  common  threads: 

1.  That  immediate  returns  in  medicine,  in  earth  resources  measure- 
ment and  utilization,  in  communications,  in  weather  forecasting, 
and  in  scientific  advancement  have  been  of  impressive 

significance. 

2.  That  Innovations  stemming  from  space  technology  will  continue  for 
years  after  the  initial  technology  development. 

3.  That  the  indirect  effects  on  the  economy  with  respect  to  con- 
tributing toward  increased  national  productivity,  income  and 
employment  are  quite  profound  - more  so  than  most  other  forms 
of  RAD  spending. 


/g\ 

v 1 Sec,  for  example,  "Mission-Oriented  RAD  and  the  Advancement  of  Technology: 
The  Impact  of  NASA  Contribution'', , " Denver  Research  Institute,  May  1972. 
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Proposition  No.  4 Therefore,  adequate  support  to  space  R&D  activity 


contributes  in  a significant  way  to  longer  tern  solu- 
tions to  the  nation's  employment  problems. 

This  proposition  is  the  logical  conclusion  to  be  drawn  from  those  proceeding 
it.  Here  the  reference  is  not  primarily  tc  the  scientists,  engineers,  tech- 
nicians and  others  directly  involved  with  the  space  program  - a figure  that 
reached  some  400,000  at  its  peak  in  1966  and  is  less  than  half  that  number 
today.  Instead,  it  is  to  those  jobs  that  result  from  the  economic  progress 
made  possible  by  technological  advance  ascribable  to  space  R&D  activity. 

This  proposition  should  be  further  clarified  lest  the  direct  contributions 
of  the  space  program  to  improved  productivity  and  higher  employment  in  the 
long  run  are  overlooked.  The  foregoing  has  inferentially , at  least,  stressed 
the  spin-off  technology.  But  there  are  very  significant  direct  contributions 
being  made  to  increased  efficiency  and  higher  productivity.  Examples  are 
plentiful.  The  introduction  of  communication  satellites  has  vastly  improved 
the  productivity  of  segments  of  the  communication  industry.  The  result  has 
been  lower  costs  to  the  Industry  and  the  public.  Prior  to  the  Early  Bird 
satellite  (Intelsat  I) . the  charge  for  leasing  a voice  grade  half  circuit 
between  New  York  and  Europe  was  $10,000  per  month.  By  January  1974,  the 
charge  for  the  same  capability  had  been  reduced  by  mere  than  50  percent  to 
$4625. 
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Broadcast  satellite  technology  Is  also  being  applied  In  an  on-going  effort  to 
improve  productivity  In  the  fields  of  education  and  public  health.  NASA's 
sixth  Advanced  Technology  Satellite  (ATS-6)  Is  being  used  on  an  experimental 
basis  to  extend  the  reach  of  medical  doctors  in  metropolitan  areas  to  remote 
and  sparsely  populated  regions.  In  like  manner,  the  skills  of  teachers  are 
being  extended  to  students  In  remote  areas  through  use  of  television  broad- 
casts originating  in  population  centers. 

As  the  space  program  moves  Into  an  era  of  exploitation,  where  greater  emphasis 
will  be  placed  on  applications  of  space  technology  to  help  solve  the  problems 
of  life  on  Earth,  the  direct  contributions  to  greater  efficiency  and  higher 
productivity  will  become  more  apparent.  One  Important  area,  for  example. 

Is  earth  resources  where  the  use  of  remote  sensing  techniques  from  space  as 
a tool  to  monitor  and  manage  earth  resources  looks  highly  promising.  The 
Space  Shuttle  will  also  make  a major  contribution  In  that  it  represents  a 
giant  step  forward  in  increasing  the  productivity  of  launch  systems  and  the 
overall  efficiency  of  the  space  program.  Lower  launch  and  payload  costs 
made  possible  by  the  Shuttle  will  make  more  resources  available  for  Improved 
earth  applications  and  other  payloads  designed  to  benefit  conditions  on  earth. 

The  combined  economic  leverage  of  the  direct  and  indirect  applications  of 
space  technology,  then,  give  credibility  to  the  final  proposition.  If  one 
accepts  the  need  for  balanced  economic  growth  to  achieve  full  employment,  and 
recognizes  the  vital  role  of  technology  in  the  growth  process  and  space  R&T) 
aa  an  Important  source  of  that  technology,  then  he  must  surtly  embrace  the 
conclusion  of  this  proposition  - adequate  support  to  space  R&D  activity  does 
contribute  in  a significant  way  to  longer  term  solutions  to  the  nation's 
employment  problems. 
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ALTERNATIVE  USES  OF  SPACE  R&D  RESOURCES 


Most  who  criticize  the  space  program  as  being  relatively  unproductive,  or 
urge  Its  reduction  and  delay  while  the  nation  tries  to  ride  out  the  current 
economic  storm,  recommend  a redistribution  of  funding  from  space  to  the  pro- 
grams they  support.  Inevitably  they  argue  that  with  less  spent  on  space, 
more  will  be  spent  on  their  programs  and  inferential ly,  of  course,  the 
interests  of  the  nation's  full  employment  goal  will  thus  be  better  served. 

The  more  substantive  portion  of  this  argument  - that  the  natiou's  full 
employment  goal  will  be  better  served  - has  already  been  answered  in  the 
preceding  sections.  But  even  the  view  that  lower  funding  for  space  will 
somehow  result  in  higher  funding  support  to  other  programs  is  not  borne  out 
by  the  facts. 

Shifting  Space  R&D  to  Nonspace  R&D  Programs 

One  group  of  critics  doesn't  overtly  disparage  U&U  activity  per  se,  but  urges 
that  funds  be  shifted  from  space  to  nonspace  R&D  activities  of  a civilian 
nature  as  a means  of  obtaining  more  benefits.  But  the  budgetary  process 
simply  doesn't  work  that  way.  The  executive  branch  typically  recommends  and 
the  Congress  appropriates  funds  for  programs  with  defined  objectives,  such 
as  building  highways,  landing  man  on  the  moon,  or  providing  food  stamps  to 
those  in  need.  These  programs  may  or  may  not  have  a high  R&D  consent  - if 
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they  do,  then  R&D  levels  ere  lncreesed  and  vice  versa.  The  point  le  that 
seldom,  if  ever,  does  either  breach  support  spending  for  R&D  simply  to  support 
science  and  technology. 

It  le  doubtful,  therefore,  that  any  specific  reduction  of  R&D  funds  for  the 
spece  program  would  automatically  be  applied  to  R&D  effort  associated  with 
nonspace  programs.  As  a matter  of  fact,  the  significant  shift  In  the  com- 
position of  the  Federal  budget  In  recent  years  In  favor  of  direct  benefits 
to  Individuals  has  been  in  transfer  payments,  most  notably  In  Income  security 
end  similar  programs.  (See  Table  1).  The  agencies  responsible  for  these 
programs,  of  course,  are  not  heavy  R&D  users.  Agencies  like  the  Social 
Security  Administration  and  the  Veteran's  Administration  devote  only  a 
minuscule  part  of  their  budget  to  R&D. 

The  effect  of  the  shift  in  priorities  Implies  a general  reduction  in  govern- 
ment funding  for  scientific  and  technological  activities.  And  that  Is 
exactly  what  has  been  happening  in  recent  years.  Federal  R&D  expenditures 
as  a percent  of  the  total  Federal  outlays  fell  from  12.4  percent  in  1965  to 
6.5  percent  last  year.  In  constant  1958  dollars.  Federal  R&D  expenditures 
were  lover  In  1974  than  in  19v5  by  some  $2  billion.  It  can  be  assumed  that 
if  further  expansion  in  the  budgets  of  the  civilian  nonspace  agencies  con- 
tinues to  be  dominated  by  transfer  payments  and  other  government  purchases, 
the  role  of  government  ee  a patron  of  science  and  technology  Is  likely  to 


diminish.  And,  since  it’s  highly  unlikely  that  this  diminution  can  be  offset 

by  private  RuD,  the  implications  are  most  disconcerting.  There  was  a marked 

slowdown  in  the  rise  of  productivity  in  this  country  starting  in  the  latter 

1960's  to  about  half  the  previous  rate.  In  the  eyes  of  many  economists,  it 

is  more  than  mere  coincidence  that  this  occurred  as  spending  for  K&D  leveled 

out  in  the  mid-1960's  and  then  began  declining  as  a percent  of  CNP  from 

f 9) 

3 percent  in  1965  to  2.2  percent  last  year,' 

Diverting  Resources  from  Space  to  Social  Programs 

More  vociferous  than  the  group  calling  for  a reallocation  of  R&U  funds  in 
supporting  science  and  technology  are  those  who  urge  that  resources  devoted 
to  the  space  program  be  diverted  to  more  pressing  social  problems.  This 
view  was  dramatically  portrayed  by  representatives  of  the  poor  and  their 
mule-drawn  wagon  train  at  Cape  Kennedy  for  the  first  Apollo  launch  to  take 
man  to  the  moon.  The  premise  for  this  position  is  the  belief  that  if  the 
United  States  can  successfully  put  a man  on  the  moon,  it  can,  with  the 
same  amount  of  money,  eliminate  poverty,  or  provide  enough  jobs  for  the 
unemployed,  or  cure  similar  social  problems.  There  is,  of  course,  no  logi- 
cal basis  for  this  view  if  for  no  other  reason  than  the  fact  that  most  such 
problems  require  political  and  economic  rather  than  technical  solutions. 
Coupled  with  this  view  is  the  deep-seated  notion  that  resources  devoted  to 


(9) 

See,  for  example.  An  Interview  with  John  W.  Kendrick,  U.S.  News  and 
World  Report,  March  24,  1975,  pp  58-62. 
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8 pace  should  be  diverted  to  "more  important”  social  problems.^®'  The 
corollary , of  course,  Is  that  the  space  program  of  the  past  has  been  Imple- 
mented at  the  expense  of  solving  the  more  fundamental  social  and  economic 
problems  of  our  nation. 

It  is  highly  unlikely,  however,  that  spending  for  space  has  diverted  funds 
from  social  programs.  From  FY  1966  to  FY  1974,  annual  Federal  outlays  for 
Income  security  alone  rose  from  $28.9  billion  to  $84.4  billion,  and  they  are 
expected  to  reach  nearly  $107  billion  in  FY  1975.  Outlays  for  health  have 
risen  from  $2.6  to  $22.1  billion  over  the  same  period,  and  those  for  educa- 
tion and  manpower  from  4.1  to  11.6  billion  - and  -inch  of  these  categories 
will  also  be  significantly  higher  in  FY  1975.  Faced  with  evidence  of  this 
type,  It  Is  exceedingly  difficult  to  validate  the  claim  that  the  civilian 
space  program,  with  outlays  of  about  $3.0  billion  In  FY  1974  - down  from 
$5.8  billion  in  1966  - has  reduced  support  to  the  anti-poverty  or  other 
social  programs.  If  this  Is  the  case,  how  can  one  account  for  essentially 
the  same  level  of  space  expenditures  In  FY  1975  as  last  year,  while  the 
combined  outlays  for  health  and  income  security  will  have  increased  by  some 
$27  billion  in  the  same  one  year  period? 

It  is,  perhaps,  nepessary  to  reiterate  once  again  that  the  views  expressed 
here  are  not  intended  to  disparage  the  merits  of  these  programs,  but  rather 
to  discredit  the  protestations  of  the  critics  who,  in  attacking  the  space 


(10) 


Holman,  Mary  A.,  "The  Political  Economy  of  the  Space  Program,"  Pacific 


Book  Publishers,  Pale  Alto,  California,  1974,  p.  347. 
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program,  use  arguments  with  little  or  no  merit.  It  makes  little  sense, 

Indeed,  to  ignore  the  basic  fact  that  high  technology  activity  like  the 
space  program  results  in  long  term  productivity  gains,  and  most  of  the 
national  poverty  and  similar  programs  do  not.  Therefore,  public  policy 
makers  must  realize  that  the  future  should  not  be  mortgaged  for  the  sake  of 
short  term  expediency,  that  ve  must  have  a balanced  approach  that  considers 
avoidance  of  future  problems  even  as  It  considers  solutions  to  current  prob- 
lems, and  that  current  actions  must  be  tempered  with  the  need  to  leave  to 
future  generations  the  legacy  of  a viable  economy  not  wracked  by  massive 
unemployment  and  extensive  poverty. 

This  is  the  message  Implicit  in  Holman's  argument  when  she  states  that  we  should 
realistically  view  poverty  and  related  programs  as  pure  welfare  expenditures 
that  are  normally  juatlfled,  but  that  do  not  ultimately  result  in  an  expansion 
In  productive  capacity.  In  pointing  out  that  the  problem  of  extreme  poverty 
Is  becoming  an  ever-increasing  problem  of  maintaining  Income  and  consumption 
levels  of  families  and  individuals  who  have  little  prospect  of  providing 
self-maintenance,  she  argued  that  "To  divert  resources  from  the  space 
program  and  from  other  activities  that  increase  productivity  makes  no  sense 
In  the  long  run  because  It  is  self-defeating.  Productivity  gains  contribute 
to  economic  growth,  economic  growth  contributes  to  higher  levels  of  national 
Income,  which  In  turn,  provides  a wider  tax  base  to  support  larger  Income 
and  consumption  maintenance  poverty  programs." 

(11)Ibld.,  p.  348 
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CONCLUSIONS 


This  paper  has  stressed  the  importance  of  s bslsnced  approat  . to  solving 
our  nation* s social  and  economic  problems  so  that  the  future  as  well  as  the 
present  is  given  sufficient  attention.  It  is  in  this  light  that  the  space 
program  should  be  considered,  for  it  does  make  major  contributions  to 
improving  productivity,  raising  Incomes  and  generating  employment*  Argu- 
ments that  space  diverts  resources  from  social  programs,  and  that  the 
transfer  mechanism  is  the  most  efficient  technique  for  meeting  job  creation 
objectives,  simply  lack  validity. 

Sines  all  economic  resources  ars  limited,  allocative  decisions  must  be  made 
involving  more  or  less  support  for  alternative  programs.  Thus,  the  real 
costs  to  society  of  a decision  to  conmlt  productive  resources  to  a given 
program  is  the  value  of  the  sacrificed  alternative  programs  to  which  the 
resources  could  havs  been  applied.  Or  to  put  it  more  succinctly,  the 
social  cost  of  what  is  done  is  the  value  of  what  might  be  done  instead. 
Perhaps  it  is  in  this  sense  of  alternative  opportunities  lost,  or  in  the 
jargon  of  the  economist,  opportunity  costs,  that  we  should  view  reductions 
in  spending  for  space  and  other  high  technology  programs. 

Public  programs  specifically  designed  to  create  jobs  for  those  seeking  work 
are  socially  desirable  if  they  help  to  alleviate  cyclical  unemployment  during 
emergency  conditions  when  unemployment  compensation  and  other  traditional 
compensatory  measures  are  Inadequate.  But  the  product  of  these  jobs  seldom 
enhances  the  nation's  productive  capacity  in  the  same  way  chat  productivity 
is  increased  by  the  output  of  those  employed  in  high  technology  pursuits 
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such  ss  space.  Beautification  projects,  for  example,  nay  be  eathetlcally 
and  therefore  socially  desirable,  but  the/  are  far  less  economically  pro- 
ductive than  the  Improved  efficiency  and  lower  coats  Postered  by  conmunlce- 
tlon  satsllltes.  If,  therefore,  the  job  creation  and  other  social  programs 
are  pursued  at  the  expense  of  the  space  program  or  other  high  technology 
activity  by  transferring  economic  resources  from  the  latter,  the  opportunity 
costs  are  not  juat  the  Immediate  loss  of  jobs  In  the  space  industry,  but  the 
potential  loss  to  the  nation's  productive  capacity. 

The  real  future  costs  to  society  of  transferring  productive  resources  from 
space,  then,  are  In  terms  of  the  adverse  effects  on  productivity,  growth 
and,  of  course,  on  future  job  opportunities.  Surely  a prudent  person  must 
conclude  that  these  costs  are  far  too  high  to  warrant  serious  conslderet  ^<n 
being  given  to  e further  diminution  of  the  space  program. 
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APPENDIX 


THE  MULTIPLIER  CONCEPT  AND  ITS  APPLICATIONS 

The  multiplier  phenomenon  rests  upon  tne  feet  that  an  Increase  In  speeding 
In  soae  fora  stimulates  successive  rounds  of  secondary  consumption  spending 
so  that  the  resulting  increase  in  income  (or  output)  is  some  multlole  of 
the  original  Increase  in  spending.  Thus,  the  multiplier  is  a coefficient 
relating  an  Increment  of  spending  to  an  Increment  of  Income.  If  Y is 
income  and  I is  private  investment  spending  by  business  while  k is  the 
multiplier,  then  k&I  • AY,  Similarly,  the  results  of  changes  in  consumer 
spending  (C)  and  government  spending  (G)  on  income  can  be  expressed  as 
kAC  ■ AY,  and  koG  • aY,  respectively. 

The  Relationship  of  Consumption  to  Current  Income 

It  is  important  to  state  at  this  point  that  the  amount  of  secondary  consump- 
tion spending  Induced  by  an  initial  increase  in  Investment,  government  or 
consumer  spending  is  intimately  related  to  the  consumption  function,  l.e.,  the 
relationship  between  consumption  and  current  Income.  More  specifically, 
determination  of  the  multiplier  depends  on  the  marginal  propensity  to  consume 
(MFC),  which  is  defined  as  the  portion  of  an  increment  of  Income  that  will  be 
spent  on  consumption  rather  than  saved  (AC/AY).  Since  by  definition,  (dis- 
posable) Income  not  spent  is  saved,  the  corollary  to  the  marginal  propensity 
to  consume  is  the  marginal  propensity  to  save  (MPS),  l.e.,  the  portion  of  an 
increment  of  income  saved*  The  equation  for  the  multiplier  can  either  be 
expressed  as  k • 1/1-HPC,  or  since  definltlally  the  sum  of  MPC  and  MPS  must 
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•qual  one,  as  the  reciprocal  o Mi'S,  l.e. , k • 1/MPS.  Jhese  equations 
simply  express  the  obvious  face  that  the  greater  the  portion  of  an  Increment 
of  Income  that  la  spent,  the  greater  the  multiplier  effects.  Although  the 
MFC  (and  therefore  MPS)  can  conceptually  be  0 or  1,  in  practice  the  MPC  Is 
usually  >0  and  <1.  If  It  was  1,  of  coarse,  the  multiplier  would  be 
infinitely  large,  and  an  initial  increase  in  spending  would  set  off  an  endless 
expansion  of  income.  But  leakages,  principally  savings,  cause  MPC  to  be  <1, 
and  the  multiplier  to  be  finite. 

From  the  above,  it  can  be  seen  that  if  a spending  Increment  of  $1000  has  an 
MPC  of  .75,  then  the  multiplier.  Is,  is  determined  as  follows: 

k " 1— MPC  1-0.75  “ 4»  (or  k " MPS  " 0.25  " 

and  the  ultimate  increase  in  4Y  ■ 4 ($1000)  ■ $4000.  It  should  be  noted  that 
the  size  of  the  m Lti^ller  is  directly  related  to  the  MPC  and  Inversely  to 
the  MPS,  thus  verifying  the  assertion  that  the  size  of  the  multiplier  is  a 
function  of  the  amount  of  an  addition  to  Income  that  is  spent. 

Government  Spending  vs.  Transfer  Payments 

It  is  a basic  macroeconomic  theorem  that  the  government  purchases  multiplier 
is  greater  than  the  multiplier  associated  with  government  transfer  payments 
auch  as  social  security,  unemployment  compensation,  and  related  Income 
security  programs.  Since  government  purchases  affect  national  income 
directly,  while  transfer  payments  have  an  indirect  effect,  this  should  not 
be  difficult  to  accept  if  one  recognizes  that  government  purchases  are 
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themselves  e part  of  the  demand  for  goods  and  services,  and  therefore  have 
the  same  multiplier  impact  as,  say,  tne  investment  multiplier  in  the 
private  sector.  A $1000  Increase  in  0,  in  other  words,  has  an  MFC  * 1.  It 
calls  forth  fully  $1000  wortn  of  goods  and  services  and  thus  creates  an 
initial  Increase  in  income  of  $1000,  which  subsequently  oecomes  subject  to 
the  effects  of  some  leakage  (MPC<1)  at  each  successive  level  of  spending. 

Transfer  payments,  on  the  other  hand,  affect  national  income  only  Indirectly. 
They  tend  to  have  a smaller  stimulative  impact  than  government  purchases 
because  the  initial  outlay,  l.e.,  the  amount  spent  by  the  transfer  payment 
recipient,  is  subject  to  a condition  where  MPC  * <1.  Thus  In  comparing 
equivalent  $1000  Increments  of  government  purchases  and  transfers,  the 
entire  $1000  is  spent  by  the  government  for  purchases,  whereas  in  the  case 
of  transfers,  except  when  MPC  • 1,  some  portion  of  the  $1000  is  saved;  i.c., 
not  immediately  spent  on  consumption.  Since  the  immediate  Influence  of  a 
$1000  transfer  payment  is  less  than  $1000  due  to  the  savings  leakage,  it 
follows  that  the  total  impact  will  also  be  less. 

This  total  impact  for  both  government  purchases  and  transfers  can  be  deter- 
mined  by  applying  the  multiplier  to  the  immediate  change  in  spending.  For 
government  purchases  we  have: 

AY  - AG,  where 

1-b 

4 Y ■ change  in  Income 

aG  ■ change  in  government  purchases,  and 
b ■ marginal  propensity  to  consume  (MPC). 
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For  transfers^,  since  it  can  bo  assumed  that  fractions  of  transfer 

payments  leak  into  savings,  vs  have: 

1 b 

LY  » — (bATr)  - where 

Air  • change  in  transfers. 

The  multiplier  effect  of  a change  in  transfers  is,  therefore,  smaller  in 
else  than  the  effect  of  a change  in  government  purchases.  In  fact,  it  can 
be  shown  algebraically  that  the  government  purchases  multiplier  is  exactly 
one  more  than  the  transfer  multiplier.  If  b (the  marginal  propensity  to 
consume)  is  0.75,  the  purchases  multiplier  is  1/1  - 0.75  or  4.  The  trans- 
fer multiplier,  on  the  other  hand,  is  0.75/1  - 0.75  or  3.  This  is  always 
true,  for: 

b . . _ _b_  , l^b  b ± 1-b  1 

1-b  1 " 1-b  1-b  " 1-b  " 1-b 

As  further  demonstration,  by  subtracting  the  transfer  multiplier  from  the 
government  purchases  multiplier,  we  have: 

-1 £-.!=!>  . 

1-b  1-b  1-b  * 

It  goes  without  saying  that  this  analysis  assumes  constancy  in  the  marginal 
propensity  to  consume  in  both  cases.  It  can  be  argued  that  in  the  real 
world  transfers  tend  to  go  to  lower  Income  groups  with  higher  MPC's, 
therefore  the  difference  between  government  purchases  and  transfer  multi- 
pliers may  be  less  than  one.  But  even  if  the  MPC  of  transfer  recipients 


(1) 


The  multiplier  for  tax  reductions  is  theoretically  the  same  as  for 


transfers. 
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la  one,  transfer  multipliers  would  just  equal  the  government  purchases 
multiplier.  The  analysis  also  assumes  no  significant  time  lags  in  spend- 
ing in  either  of  the  cases,  whereas  an  argument  sometimes  proffered 
favoring  transfers  as  having  quicker  effects  is  that  government  purchase 
programs  often  require  long  lead  times.  Nevertheless,  because  the  Initial 
increase  in  government  purchases  gives  rise  to  an  increase  in  output  and 
then  induces  secondary  increases  in  consumption,  while  transfers  them- 
selves do  not  give  rise  to  initial  Increases  in  output  (i.e.,  AG>  b&Tr), 

(2) 

government  purchases  tend  to  have  a more  stimulative  impact. 

Employment  and  Spending  Multipliers 

The  multiplier  concepts  described  above  can  be  referred  to  as  spending 
multipliers  (k)  to  distinguish  them  from  the  employment  multiplier  (k'). 

A spending  multiplier  relates  an  increase  (or  decrease)  in  consumption, 
investment  or  government  expenditures  to  the  resulting  Increase  (or 
decrease)  in  income.  Thus,  as  explained  before,  a change  in  government 
purchases  (G)  affects  income  Y as  follows:  k^G  * AY.  The  employment 


(2) 

This  assessment  ignores  the  accelerator  effects,  i.e.,  the  increase  in 
investment  spending  resulting  from  the  multiplier-influenced  increase  in 
consumption  spending.  Although  the  accelerator-multiplier  interaction  is 
a powerful  economic  force,  failure  to  consider  it  here  does  not  alter  the 
analysis,  for  the  same  relative  results  theoretically  occur  with  or  with- 
out inclusion  of  the  accelerator  within  the  scope  of  the  analysis. 
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multiplier,  on  the  other  head,  reletee  the  Increeee  In  primary  employment 
reaultlng  from  the  apendlng  Increeee,  i.e. , employment  required  to  provide 
the  goods  and  services  initially  purchased,  to  the  resulting  increase  In 
total  employment.  Thus,  if  primary  employment  is  N2  and  total  employment 
Is  N,  then  k'AN2  ■ N.  Secondary  employment  (Nj) , that  crested  by  subsequent 
rounds  of  spending,  can  then  be  expressed  as  N3  ■ N - N2. 

Although  income  and  employment  tend  to  rise  and  fall  together,  it  is  obvious 
that  the  two  types  of  multipliers  may  not  be  identical,  i.e.,  k and  k*  are 
not  necessarily  equal.  The  fact  that  labor  productivity  and  wage  rates  differ 
among  industries  means  that  equivalent  expenditures  on  different  bundles  of 
goods  and  services  are  likely  to  have  somewhat  different  primary  employment 
impacts.  The  subsequent  secondary  employment  impacts  will  also  tend  to  be 
different. 

Since  employment  and  income  do  rise  and  fall  together,  however,  economists 
oftentimes  assume  that  k ■ k'  for  purposes  of  more  gross  analyses  without 
doing  great  violence  to  the  facts.  This  practice  is  admittedly  not  strictly 
correct  and  should  not  be  arbitrarily  assumed  vhen  specific  employment 
impact  assessments  of  alternative  policies  are  to  be  made.  But  it  is  usually 
sufficient  for  purposes  of  macroeconomic  analyses  of  the  type  performed  in 
this  paper. 

Concluding  Remarks 

A final  point  is  in  order.  It  follows  from  the  above  that  contrary  to 
popular  bel ’ >f , it  is  not  accurate  to  conclude  that  government  transfers 
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will  ipso  facto  create  more  Jobs  than  high  technology  activities  such  as 
the  space  program.  Although  transfer  payments  may  go  to  people  with  lower 
incomes,  and  a given  transfer  outlay  may  therefore  by  divided  initially 
among  more  people  with  perhaps  higher  MPC's  than  an  equivalent  outlay  for 
space  where  the  recipients  are  higher  paid  on  the  average,  one  must  not 
lose  sight  of  the  offsetting  facts  that:  1)  government  purchase  multipliers 

are  inherently  higher  than  transfer  multipliers;  and  2)  space  spending  con- 
tributes to  technology  advancement  and  increased  productivity  which,  in 
the  longer  run,  will  foster  economic  growth  and  consequently  an  overall 
expansion  of  job  opportunities. 
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COMMUNICATIONS  LINK  ANALYSIS 

A study  of  the  power  requirements  needed  to  perform  five  services  on  a 
geosynchronous  platform  has  been  made.  The  five  services  studied  were: 

1.  Direct  to  the  home  broadcast  television 

2.  Teleconferencing 

3.  Persona]  communications 

4.  National  Information  Service 

5.  Electronic  Mai  1 

General  ground  rules  and  constraints  on  the  design  of  the  communication 
systems  were: 

1.  Minimize  the  cost  to  the  ground  system 

2.  Pointing  accuracy  to  .01  degree  on  platform 

3.  Maximum  primary  power  available  to  all  services 
is  500  kV. 

4.  Use  RF  frequency  bands  allocated  to  these  services 
by  U.  S.  Government  and  international  agreements 
(if  applicable)  to  minimize  interference 

A detailed  analysis  of  the  link  calculations  and  results  are  as  follows 
(see  Figure  1). 

Service:  Personal  Communications  (See  Figure  2) 

This  service  allows  the  user  to  communicate,  via  a handheld  transmitter/ 
receiver  or  telephone,  with  any  other  service  subscriber.  The  user  contacts 
a switching/billing  center  which  then  relays  the  call  on  to  its  destination. 
For  ease  in  identification  and  billing,  a digital  modulation  technique  Is 
used  - QPSK  Var iabie-Slope  Delta  Modulation.  For  this  modulation  scheme,  a 
C/Nq  = 9.7  dB  gives  a bit  error  rate  BER  ■*  10  which  Is  adequate  for  this 
study.  See  Noise  Budget  Parameters,  Table  1. 

Constraints  on  the  handheld  unit  are: 

1.  Antenna  Gain  (T^/R^)  " 9 dB-i 

2.  Transmitter  Output  Power  * 1 Watt 

3.  Receiver  Noise  Temperature  * 34  dB  -°K 

4.  Pointing  Angle  (3  dB)  = 58° 
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These  constraints  cause  the  link  calculations  to  result  in  the  power  budget 
given  In  Table  2.  it  should  be  noted  that  the  caller  must  know  the  area  of 
the  person  he  Is  calling  (similar  to  telephone  area  code). 

The  link  calculations  for  the  four  links  (remote  unit  to  spacecraft  and 
reverse;  switching  center  to  spacecraft  and  reverse)  are  shown  In  Figures  3 • 
thru  7.  It  may  be  seen  that  the  total  primary  power  need  by  the  spacecraft 
is  129.3  kW  at  4 GHz.  This  value  is  arrived  at  by  multiplying  the  per  channel 
EIRP  (89I  M watts)  by  45,000  (the  number  of  users  that  could  call  simultaneously) 
and  using  a 33  percent  dc  to  RF  efficiency.  The  efficiency  is  somewhat 
reduced  due  to  the  approximate  6 dB  backoff  from  tube  saturation  output  power 
necessary  in  order  to  reduce  the  intermodulation  within  each  of  the  ?P0  beam 
driver  amplifiers.  For  150  channels,  each  at  850  M watt  * 1.07  kW,  plifiers 
are  needed.  A higher  frequency  would  only  Increase  this  total  an'1  therefore, 
was  not  desired.  A lower  frequency  (i.e.,  900  MHz)  would  have  required  a 
1.3  foot  antenna  aperture  for  the  handheld  unit  for  the  same  gain,  also 
unacceptable. 

The  number  of  beams  needed  is  somewhat  arbitrary,  in  that  It  must  still 
be  seen  if  a large  number  of  beams  (i.e.,  300)  can  be  constructed  - none 
have  been  built  at  the  present.  The  beams  would  be  positioned  on  the,  ground 
in  a triangular  fashion  for  optimum  ground  coverage.  Figures  8 and  9 show 
the  effects  of  antenna  gain  and  frequency  used  on  the  number  of  beams  needed 
for  CONUS  converage  and  amount  of  satellite  transmitter  RF  output  needed  for 
the  calculated  EIRP  to  the  remote  (i.e.,  handheld  unit). 

It  would  be  possible  tc  use  an  FM  analog  system  with  the  same  bandwidth 
and  obtain  an  advantage  of  15  dB  of  SNR  by  employing  companding.  However, 
the  C/N  is  still  limited  to  a 8-9  dB  threshold  and,  therefore,  not  be  much 
improved  over  the  10  dB  C/N  required  by  the  digital  system  used  here.  Also, 
the  noise  heard  by  the  receiver  would  be  of  a different  nature  (thermal 
rather  than  quantization)  in  an  FM  system. 

Another  consideration  of  the  design  is  the  use  of  high  power  (1  kW)  TWTA’s 
or  individual  low  power  (1  watt)  solid  state  amplifiers  in  the  satellite 
transponder. 
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If  solid  state  devices  were  used,  then  45,000  amplifiers  would  be 
needed  - 150  for  each  beam  (for  300  beams).  The  problem  of  connection 
and  proper  filtration  without  losses  would  be  a serious  problem.  One 
advantage  of  using  separate  amplifiers  would  be  that  there  would  be  no 
reduction  of  carrier  power  due  to  multicarrier  operation  and  no  Inter- 
modulation product  power  generated  (a  6 dB  backoff  for  C/IM  and  a 4.3  dB 
multicarrier  loss  was  assumed  in  the  TWTA) . 

Service  2:  National  Information  Service 

This  service  uses  a communications  system  similar  to  the  personal  com- 
munications service.  The  subscriber  transmits  a question  to  a swi tching/bl i 1 ing 
office  by  telephone.  It  is  then  transmitted  via  the  switching/billing  center, 
to  the  space  platform,  where  it  is  relayed  to  the  appropriate  information 
center.  The  reply  is  sent  in  the  reverse  direction. 

Since  the  voice  channel  system  of  the  personal  communication  service 
will  handle  each  individual  querie,  the  link  calculation  would  not  need  to 
be  repeated.  A digital  message  of  at  least  6 Kbps  is  allowed  in  place  of  any 
one  voice  channel.  For  2400  bps  transmission,  at  least  two  queries  can  be 
transmitted  on  one  voice  channel  (modulation  might  be  QPSK). 

Service  3:  Direct  Broadcast  TV 

Direct  broadcast  TV  incorporates  a central  transmitter  for  the  entire 
United  States,  with  each  home  dwelling  (apartment/office  building)  receiving 
the  signal  via  a rooftop  antenna  and  FM/AM  converting  receiver.  See  Figure  10. 

The  noise  budget  (see  Figures  1 1 and  12)  shows  that  for  an  output 
SNR  ■ 49  dB,  a CNR  of  10.22  dB  is  required.  For  the  downlink  (i.e.,  space  to 
home),  this  require-:  an  S/C  EIRP  ■ 68.0  dBW/Chan.  This  requires  a transmitter 
output  of  565  watts  (54.8  kW  dc  per  channel  input). 

Thirty-twe  beams  on  a single  antenna  will  cover  CONUS.  The  ground 
receiving  antenna  (roof  top)  is  2.7  feet  in  diameter,  which  gives  it  a 3 dB 
beamwidth  of  2.3  degrees.  Higher  gain  in  this  antenna  would  increase  the 
diameter  and  narrow  the  beamwidth,  making  the  antenna  more  expensive  and  more 
difficult  to  point  and  mount. 
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For  five  channels,  27k  kW  for  transmitter  power  is  required  by  the 
satellite.  See  Figure  13.  The  ground  requirements  (see  Figure  14}  are 
17.8  watts/ channel . It  can  be  seen  from  Figure  15  that  a higher  frequency 
choice  would  be  power  prohibitive  at  the  spacecraft  (keeping  the  ground 
receiver  constant). 

Service  4:  Teleconferencing 

It  is  assumed  that  this  service  will  be  provided  to  specialized  customers 

(l.e.  cost  is  not  the  prime  objective).  Therefore,  higher  frequencies,  which 

precipitates  higher  path  loss  and,  hence,  higher  receive  equipment  costs.are 
chosen.  The  frequency  band  40-43  GHz  has  been  used  for  this  study. 

Figure  l6  shows  the  system  configuration.  Three  antennas,  4.7  feet  in 
diameter,  duplexed,  giving  53  dB  (peak)  TX/RX  gain  are  used.  Fifty-four 
beams  per  antenna,  each  with  footprint  of  162  miles,  will  cover  CONUS 
from  Geosynchronous  orbit. 

For  a total  of  80  teleconferences,  each  needing  1068  w.  ts  dc  (178  watts 
RF), gives  a total  of  85,400  watts  of  S/C  prime  power.  The  uplink  ground 
antenna  is  4 feet  in  diameter,  with  a transmitter  of  16.6  watts  RF.  The 
receive  antenna  gain  of  51  dB  is  needed  for  a noise  temperature  of  5000*F 
total.  An  output  SNR  of  52  dB  is  calculated  for  a 32  MHz  RF  bandwidth 
at  a C/N  system  of  13.22  dB.  See  Figures  17  thru  20. 

Service  5:  Electronic  Mail 

Mail  will  be  transmitted  from  one  of  800  Post  Office  centers  via  the 
platform,  as  shown  in  Figure  21.  The  Post  Office  centers  will  receive  the 
daily  mail  from  a variety  of  sources: 

1.  Directly  from  customers  in  paper  form 

2.  From  nearby  Post  Offices  via  microwave  link 
(already  in  transmission  form) 

3.  From  large  customers  via  microwave  or  telephone 
system 

After  transmission  by  digital  technique  (see  Figure  22),  the  letters  are 
converted  back  to  paper  form  and  delivered  by  Postmen. 
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A high  frequency  (20  to  30  GHz)  is  used  so  as  not  to  interfere  with 
other  services  provided  by  the  platform,  to  keep  antenna  size  small,  and 
because  transmission  from  any  one  center  will  not  average  above  18  seconds, 
which  alleviates  the  high  attenuation  probability  during  precipitation. 

For  a DC-PSK  (phase  shift  key)  modulation  scheme,  a C/N  of  34  dB  will 
yield  a bit  error  rate  of  greater  than  1 X 10  (Figure  22).  The  power 
budget  (Figure  23)  shows  that  antenna  gains  of  55  dB  (TX  and  RX)  with  95  (RF) 
watt  ground  und  4.3  kW  S/C  (RF)  (13  kW  dc)  transmitters  will  be  required. 

In  order  to  cover  all  CONUS,  a 55  dB/  gain  antenna  from  geosynch,  orbit 
has  a 125  mile  footprint  requiring  300  beams.  Six  antennas  with  50  beams 
on  each  is  used  for  both  transmitting  and  receiving.  Link  budgets  calculations 
for  this  service  are  shown  in  Figure  24  and  25. 
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Table  2.  Power  Budget  - Personal  Communications 


UPLINK  BUDGET 

REMOTE  TO  S/C 

CENTER  TO  S/C 

P.F  Frequency 

4 GHz 

4 GHz 

RF  Bandwidth/Beam 

5.7  MHz 

5-7  MHz 

Ground  Transmitter  Output 
Ground  Transmitter 

0 dBw 

1 10  mw/chan 

Antenna  Gain 

+9  uiH  (3.6") 

+30  dBl  (3-2') 

Ground  Antenna  Beamwidth 

58  degrees 

5 degrees 

Pointing  6 Margin  Loss 

-6  dB 

-3  dB 

Modem  Loss 

-1.4  dB 

-1.4  dB 

EIRP/CARRIER 

+1.6  dBw 

20.4  dBw 

Path  Loss 

-’97  dB 

-197  dB 

S/C  Ry  Antenna  Gain 

(60  foot)  52  d&L 

(55  dB  peak) 

42  dB i (45  dB  peak) 

DOWNLINK  BUDGET 

S/C  TO  remote 

S/C  TO  CENTER 

RF  Frequency 

4 GHz 

4 GHz 

RF  Bandwidth/Beam 

2.35  MHz 

2.85  MHz 

S/C  Transmit  Output  (RF) 

891  mw/chan 

64.5  mw/chan 

Total  S/C  Primary  Power* 

121.5  kw  @ 32%  Effic. 

8.7  kw 

S/C  Transmit  Ant. Gain  Total 

|(60)  55  dBc 

45  dB i 

S/C  Footprint  Diameter** 

(.28°)  130  miles 

4 1 1 miles 

Modem  Loss 

-1.4  dB 

-1.4  dB 

Patten  Loss 

-3  dB 

-3  dB 

Margin 

1-3  dB 

-3  dB 

EIRP/Carrier 

+49.1  dBw 

20.1  dBW 

Path  Loss 

-197  dB 

-197  dB 

Ground  Rx  Antenna  Gain 

1 

+9  dB-c 

+30  dBt 

1 

i 

!*with  voice  activation 
saving 

+4.5  dB 

4.5 

j**Beams  to  Cover  CONUS 

300 

300 

|Users/Beam 

150 

’5 

Total  System  Users 

45,000 

45,000 

|Mul t icarrier  Loss  dB 

4 dB 

lOutput  backoff 

1 

1 

6 dB 
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Figure  3.  LINK  BUDGET  CALCULATION 

LINK  DESCRIPTION  PERSONAL  COMMUNICATIQNS/NIS  - UPLINK  - HANDHELD  TRANSMITTER 


C/N  - ptVgix'lp'la'le'Vgrx' 

PARAMETER 

k'Vbrf- 

UNITS 

lt"lpoi' 

LINK  + 

•Marg i n 
LINK  - 

REMARKS 

1 

Frequency 

GHz 

Py  Power  Generated 

dBw 

0 

1 Watt 

Lc  Circuit  Losses 

dB 

0 

Lm  Modulation  Loss 

dB 

1.4 

Gjx  Transmit  Antenna  Gain 

dbt 

9.0 

D = 3.8" 

L-j-  Pattern  Edge  Loss 

dB 

3.0 

Beamwidth  = 58° 

Lpj  Antenna  Pointing  Loss 

dB 

1 .0 

EIRP  Eff.  Isotropic  Rad.  Power 

dBw 

3.6 

Lp  Space  Loss 

dB 

197.5 

L/^  Atmosphere  Loss 

dB 

.2 

Gpx  Receive  Antenna  G^in 

dBt 

55 

D = 60  feet 

Lc  Circuit  Loss 

dB 

• 5 

C Carrier  Power 

dBw 

-139.6 

K Bottzmanns  Constant 

dBw/°K-Hz 

-228.6 

T$  Receive  Sys  Noise  Temp 

dB-°K 

28.5 

B Noise  Bandwidth 

dB-Hz 

42.7 

N Noise  Power 

dBw 

-157.4 

M Margin 

dB 

3.0 

154.4 

C/N  Carrier  to  Noise  Ratio 

dB 

14.8 

(C/N)r  Requ i red  C/N 

dB 

14.8 

C/N  Above  Marg i n 

dB 

0 
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LINK  BUDGET  CALCULATION 

LINK  DESCRIPTION  PERSONAL  COMMUNICATIONS  DOWNLINK  SPACECRAFT  TO  CENTER 


C/N  - 

PT_  LC+GTX‘ LP "La‘ LE~  LM+GRX“K_TS 

1 

PARAMETER 

"brf"lt'lpoi 

UNITS 

-Margin 
LINK  + 

+va'lmc 

LINK  - 

E 

PT 

Power  Generated 

dBw 

-11.9 

LMC 

Multichannel  Loss 

dB 

-4.5 

VA 

Voice  Activation 

dB 

+4.5 

LC 

Circuit  Losses 

dB 

1.0 

l-M 

Modulation  Loss 

dB 

C 

gTX 

Transmit  Antenna  Gain 

dB/ 

45 

lf 

Pattern  Edge  toss 

dB 

3.0 

1-PT 

Antenna  Pointing  Loss 

dB 

.5 

EIRP 

Eff.  isotropic  Rad.  Power 

dBw 

28.6 

LP 

Space  Loss 

dB 

197 

la 

Atmospheric  Loss 

dB 

.5 

o 

po 

X 

Receive  Antenna  Gain 

dB/. 

33 

Lc 

Circuit  Loss 

dB 

1.0 

C 

Carrier  Power 

dBw 

133-9 

K 

Bottzmanns  Constant 

dBw/°K-Hz 

-228.6 

TS 

Receive  Sys  Noise  Temp 

Q_ 

VJ 

t 

o 

30.0 

B 

Noise  Bandwidth 

dB-Hz 

42.7 

N 

Noise  Power 

dBw 

- 

155.9 

M 

Margin 

dB 

3.0 

- 

152.9 

C/N 

Carrier  to  Noise  Ratio 

dB 

19-0 

(C/N) 

H Required  C/N 

dB 

17.0 

C/N 

Above  Margin 

dB 

+?.o 

PDC  " 

64.5  X Kf3  X 45,000  Users  X 

1/.33  efficiency  * 

8 . 8 kw 

Figure  ** 


REMARKS 
64.5  MW 


19  ft. 


6.6  ft. 
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LINK  BUDGET  CALCULATION 

LINK  DESCRIPTION  PERSONAL  COMMUNICATION  - UPLINK  BILLING  CENTER  TO  SPACECRAFT 


C/N  - 

pT“LC+GTX"LP"LA"LE'LM+GRx“K"TS_BRF"LT“Lpoi"''a''gin 

PARAMETER  UNITS  LINK  + LINK- 

E 

REMARKS  ' 

Frequency 

GHz 

PT 

Power  Generated 

dBw 

-9.6 

109.6  MW 

LC 

Circuit  Losses 

dB 

1.0 

l-M 

Modulation  Loss 

dB 

1.4 

gTX 

Transmit  Antenna  Gain 

dBt 

30 

D =3-3  ft. 

k 

Pattern  Edge  Loss 

dB 

3.0 

lpt 

Antenna  Pointing  Loss 

dB 

• 5 

EIRP 

Eff.  Isotropic  Rad.  Power 

dBw 

14.5 

l-P 

Space  Loss 

dB 

197.5 

la 

Atmospheric  Loss 

dB 

.2 

grx 

Receive  Antenna  Gain 

dB-t 

45 

19  ft . d i a. 

LC 

Circuit  Loss 

dB 

.5 

C 

Carrier  Power 

dBw 

-138.7 

K 

Bottzmanns  Constant 

dBw/°K-Hz 

-228.6 

TS 

Receive  Sys  Noise  Temp 

dB-°K 

27  8 

B 

Noise  Bandwidth 

dB-Hz 

42.7 

N 

Noise  Power 

dBw 

-158.1 

M 

Margi n 

dB 

3.0 

-155.1 

C/N 

Carrier  to  Noise  Ratio 

dB 

16.4 

(C/N) 

H Requ i red  C/N 

dB 

16.0 

C/N 

Above  Margin 

dB 

.4 

Figure  5 
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LINK  BUDGET  CALCULATION 

LINK  DESCRIPTION  PERSONAL  COMMUNICATIONS  DOWNLINK  SPACECRAFT  TO  HANDHELD  UNIT 


C/N  - 

pT"Lc+GTX'LP'LA'LE‘LM+GRX'K"TS 

PARAMETER 

■BRF“LT"Lp01-Margin 

UNITS  LINK  + i 

+ va-lmc 

LINK  - ? 

Z 

REMARKS 

PT 

Power  Generated 

dBw 

1 

-.5 

891  MW 

LMC 

Multichannel  Loss 

dB 

4.5 

VA 

Voice  Activation  Imp. 

dB 

4.5 

LC 

Circuit  Losses 

dB 

1.0 

l-M 

Modulation  Loss 

dB 

0 

gtx 

Transmit  Antenna  Gain 

dB/ 

55.0 

k 

Pattern  Edge  Loss 

dB 

3.0 

lPT 

Antenna  Pointing  Loss 

dB 

0 

EIRP 

Eff.  Isotropic  Rad.  Power 

dBw 

50.5 

LP 

Space  Loss 

dB 

197 

la 

Atmospheric  Loss 

dB 

.2 

gRX. 

Receive  Antenna  Gain 

dB/ 

9-0 

LC 

Circuit  Loss 

dB 

.3 

c 

Carrier  Power 

dBw 

- 

138.0 

K 

Bottzmanns  Constant 

dBw/0 K- Hz 

-228.6 

TS 

Receive  Sys.  Noise  Temp. 

dB-°K 

34.0 

B 

Noise  Bandwidth 

dB-Hz 

42.7 

N 

Noise  Power 

dBw 

- 

151.9 

M 

Margin 

dB 

3.0 

148.9 

C/N 

Carrier  to  Noise  Ratio 

dB 

10.9 

(C/N) 

^ Required  C/N 

dB 

10.9 

C/N 

Above  Margin 

dB 

0 

PDC 

® 891  X 10"3  X 45,000  X 1/.33 

* 12.-5  X 1 

03  watts 

Figure  6 
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FIGURE  7.  PERSONAL  COMMUNICATIONS: CALCULATION  OF  LINK  C/N 


OS 


os 

00 

00 

rH 

II 


CQ 

T3 

00 

CM 


o 

u0 

X 

CM 

O 

CO 


cq 

O 


OS 

00 

CO 


OS 

H 

O 


O 

+ 

CM 

o 

cn 


os 

■s 

CQ 

T3 

O 

N 


os 

-s 

CQ 

X? 

00 


\ 

Q 


OS 
H 
U 
■ 0 


£ 

u 


r- 

"V 

u 


H 

SS 

OS 


■J 


OS 


25 

u 


a 

u 


US 

ss 


u 


OS 

0> 


CO 

d 


CO 

CM 

rH 

X 

00 

d 

co 


CQ 

T3 

0) 

O 

rH 

w 

X 

OS 

r\ 

CQ 

T3 

O 

CD 


CO 
| CM 

rH 

+ 

00 

d 

co 


os 

"\ 

CO 

T3 

O 

o 


CQ 

T3 

jo 

CD 


II 


H 

§ 


s 

OS 

hQ 


u 


55 

O 


as 

H 

U 


OS 

E- 

u 


25 

U 


25 

U 

II 

CM 

US 

25 

hH 

kQ 

2; 

u 


478 


Rockwell  International 


ORIGINAL  PAGE  Ift 
OP  POOR  QUALITY 


FIGURE  10.  GEOSYNCHRONOUS  PLATFORM  DIRECT  BROADCAST  EDUCATION* 
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Figure  11.  NOISE  BUDGET  FOR  DIRECT  EDUCATIONAL  TV 
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FIGURE  1?.  SAMPLE  NOISE  CALCULATION  - DIRECT  EDUCATIONAL  TV 
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LINK  BUDGET  CALCULATION 

DIRECT  tPUCATiONAL  TV  DOWNLINK  TO  GROUND  RECEIVER 
C/N  - PT-LC+GTX"LP~LA-'*E"LM+GRx”K"TS"BRF-LT"LPorM?''q,n 


PARAMETER 

; UNITS 

LINK  + LINK  - 

r» 

L 

REMARKS 

RF 

Frequency 

GHz 

11.0 

K-Band 

PT 

Power  Generated 

dBw 

27.5 

565  watts 

l-C 

Circuit  Losses 

dB 

J.O 

lM 

Modulation  loss 

dB 
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gTX 

Transmit  Antenna  Gain 

dB-c 
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Dia.“  202' , 

.9°  Beamwidth 

le 
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3.0 

lPT 

Antenna  Pointing  Loss 

dB 

.5 

EIRP 
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La 

Atmospheric  Loss 
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dB 

2.0 

2 . 3°Be~  .width 

c 

Carrier  Power 

dBw 

-103. A 

K 

Bottzmanns  Constant 

dBw/ 

°K-Hz 

-228-6 

TS 

Receive  Sys.  Noise  Temp. 

dB-°K 

35.8 

Rx  N.F.*  11  dB 

B 

Noise  Bandwidth 

d&-Hz 

75.1 

32. A MHz 

N 

Nois<.  Power 

dBw 

-117.9 

M 

Margin 

dB 

3.0 

-114.9 

C/N 

Carrier  to  Nuise  Ratio 

d6 

11.5 

(C-N) 

(C/N) g 

Required  C/N 

dB 

il.22 

C/N 

Above  Margin 

dB 

.28 

PDC 

* 5^5  watts  X 5 channel  X 

1/.33  Ef r 

ic.  = 8565  watts/beam 

for  32  beams  * 27^  kw 


Figure  13 
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LINK  BUDGET  CALCULATION 

LINK  DESCRIPTION  DIRECT  EDUCATIONAL  TV  UPLINK  GROUND  TO  SPACECRAFT 
C/N  » Pt*^*C+gTX  ,*P"LA"**E“l-M+GRX"K“TS”BRfr",*T*l*P0l”Mar9in 


PARAMETER 

UNITS 

LINK  + 

LINK  - 

Z 

RF 

Frequency 

GHz 

14.0 

pt 

Power  Generated 

dBw 

12.5 

LC 

Circuit  Losses 

dB 

1.0 

«-M 

Modulation  Loss 

dB 

0 

gtx 

Transmit  Antenna  Gain 

dB* 

53 

Le 

Pattern  Edv,e  Loss 

dB 

3.0 

lpt 

Antenna  Pointing  Loss 

dB 

.5 

EIRP 

Eff.  Isotropic  Rad.  Power 

dBw 

61.0 

LP 

Space  Loss 

dB 

207.5 

La 

Atmospheric  Loss 

dB 

.3 

grx 

Receive  Antenna  Gain 

dB-t 

55 

Lc 

Circuit  Loss 

dB 

1.0 

c 

Carrier  Power 

dBw 

-92.8 

K 

Bottzmanns  Constant 

dBw/°K-Hz 

-228.6 

TS 

Receive  Sys.  Noise  Temp. 

dB-6K 

37.0 

B 

Noise  Bandwidth 

dB-Hz 

75.1 

N 

Noise  Power 

dBw 

-116.6 

M 

Margin 

dB 

3.0 

C/N 

Carrier  to  Noise  Ratio 

dB 

20.8 

(C/N)r  Required  C/N 

dB 

15.0 

C/N 

Above  Margin 

dB 

5.8 

REMARKS 
17.78  watts 

13  ft. (.4°) 


Figure  14 
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FREQUENCY  (GHz) 

Figure  15.  Direct  Broadcast  TV 
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Figure  17.  TELECONFERENCING 
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GROUND  STATION  ANTENNA  Rx  GAIN  50  dBi  (3.5  FT) 

(C/N)  SYS  17.0 

MARGIN  3. 78dB 

BEAMWIDTH  28  DEGREES  * 120  M I 


Figure  18.  SAMPLE  NOISE  CALCULATION  - TELECONFERENCING 
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SAMPLE  LINK  CALCULATION 
LINK  DESCRIPTION  TELECONFERENCING  DOWNLINK 

C/N  - PT-k+GTX“LPLA"LE"LM+GRX_K*TS"BRF"LF"LP0rMar9in 


PARAMETER 

UNITS 

LINK  + 

LINK  - 

Z 

REMARKS 

Frequency 

GHz 

Pt 

Power  Generated 

d&w 

22.5 

178  watts 

k 

Circuit  Losses 

dB 

1.0 

i-m 

Modulation  Loss 

dB 

0 

6tx 

Transmit  Antenna 
Gain 

dB-c 

50 

Dia.  » 4.7‘  (• 38°) 
163  mi les 

k 

Pattern  Edge  Loss 

dB 

3.0 

l-PT 

Antenna  Pointing 
Loss 

dB 

.5 

EIRP 

Eff.  isotropic  Rad. 
Power 

dBw 

68.0 

k 

Space  Loss 

dB 

216.5 

la 

Atmospheric  Loss 

.5 

grx 

Receive  Antenna  Gain 

dBc 

50 

k 

Circuit  Loss 

dB 

1.0 

c 

Carrier  Power 

dBw 

-100.0 

K 

Bottzmanns  Constant 

dBw/°K-Hz 

-228.6 

Receive  Sys  Noise 
Temp 

dB-°K 

37.0 

8 

Noise  Bandwidth 

dB-Hz 

75.1 

N 

Noise  Power 

dBw 

-116.5 

M 

Margin 

dB 

3 

'113.5 

C/N 

Carrier  to  Noise 
Radio 

dB 

13.5 

(C/N)r 

Required  C/N 

d8 

13.2 

C/N 

Above  Margin 

dB 

.3 

Figure  19 
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SAMPLE  LINK  CALCULATION 
LINK  DESCRIPTION  TELECONFERENCING  UPLINK 
C/N  - PT-Lc+GTx-i-P“i-A-i.E'l-M+6RX"K"'TS‘BRF‘LF"l-P0rMar9'n 


PARAMETER 

UNITS 

LINK  + 

LINK  - 

l 

Frequency 

GH2 

43.0 

Ft 

Power  Generated 

dBw 

18.2 

k 

Circuit  Losses 

dB 

1.0 

lm 

Modulation  Loss 

dB 

0 

gtx 

Transmit  Antenna  Gain 

dBX 

53-0 

k 

Pattern  Edge  Loss 

dB 

3.0 

lpt 

Antenna  Pointing  Loss 

dB 

• 5 

EIRP 

Eff.  Isotropic  Rad 

Power 

dBw 

66.7 

LP 

Space  Loss 

dB 

217.0 

lA 

Atmospheric  Loss 

dB 

• 5 

6rx 

Receive  Antenna  Gain 

dB-c 

51 

k 

Circuit  Loss 

dB 

• 5 

C 

Carrier  Power 

dBw 

-100.3 

K 

Bottzmanns  Constant 

dBw/°K-Hz 

-228.6 

TS 

Receive  Sys  Noise 
Temperature 

Q- 

03 

1 

O 

7Z 

37.0 

B 

Noise  Bandwidth 

dB-Hz 

75.1 

N 

Noise  Power 

dBw 

-116.5 

M 

Margin 

dB 

3 

-113.5 

C/N 

Carrier  to  Noise 

Ratio 

dB 

13.5 

<c/n)r 

Required  C/N 

dB 

13-5 

C/N 

Above  Margin 

dB 

0 

Figure  20 


i paGB 


REMARKS 


66.1  watts 


4 feet 


3.3  feet 
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FIGURE  21.  GEOSYNCHRONbUS  PLATFORM:  ELECTRONIC  MAIL  / 
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I FIGURE  Zt. 


ELECTRONIC  MAIL 


NOISE  BUDGET  PARAMETERS 


MODULATION 
BIT  RATE 
IF  BANDWIDTH 
BIT  ERROR  RATE 
REQ.  E|j/No 
REQ.  C/Nsys 
RF  BANDWIDTH 


DCPSK 

1.04  MBPS/CENTER 

1. 24  MHz 

10-5 

13  dB 

34  dB 

80  MHz 


C/Nsys 


aNU/L  x C,ND/L 
C,NU/L  + c,nd/l 


■ 33.8  dB 
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FIGURE  ?3.  POWER  BUDGET  PARAMETERS 
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LINK  Bl'DGET  CALCULATION 


LINK  DESCRIPTION  ELECTRONIC  MAIL 

- DOWNLINK 

C/N  - 

pt-lc+6tx~lp*la*Le‘Lm+(5rx- 

K"TS"BRF"LT“LPor 

Margin 

PARAMETER 

UNITS 

LINK  *• 

LINK  - 

E 

1 KEMAr 

Frequency 

GHz 

20 

PT 

Power  Generated 

dBw 

11.6 

14.46  w 

k 

Circuit  Losses 

uB 

1.0 

LM 

Modulation  Loss 

dB 

1.4 

&TX 

Transmit  Antenna  Gain 

dBi 

55 

le 

Pattern  Edge  Loss 

dB 

3.0 

Lpt 

Antenna  Pointing  Loss 

dB 

• 5 

EIRP 

Eff.  Isotropic  Rad  Power 

■ 

60.7 

LP 

Space  Loss 

dB 

210.8 

lA 

Atmospheric  Loss 

dB 

.5 

grx 

Receive  Antenna  Gain 

dB-t 

55 

12  ft  .28°  - 
125  mi  foot- 
print 

LC 

Circuit  Loss 

dB 

• 5 

C 

Carrier  Power 

dBw 

-96.1 

K 

Bottzmanns  Constant 

dBw/°K-Hz 

-228.6 

TS 

Receive  Sys  Noise  Temp. 

dB-°K 

34 

B 

Noise  Bandwidth 

dB-Hz 

60.9 

N 

Noise  Power 

dBw 

-133.7 

M 

Margin 

dB 

3 

-130.7 

C/N 

Carrier  to  Noise  Ratio 

dB 

34.6 

(C/N) 

^ Required  C/N 

dB 

32 

C/N 

Above  Margin 

dB 

2.6 

Figure  24 
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LINK  BUDU  CALCULATION 
LINK  DESCRIPTION  ELECTRONIC  MAIL  - UPLINK 
C/N  - PT“k+GTX“LP'LA"LE"LH“GRX_K‘Ts-BRF-LT-Lp0r  Margin 

PARAMETER UNITS  LINK  + LINK  - l REMARKS , 


Frequency 

GHz 

pT 

Power  Generated 

dBw 

19.8 

LC 

Circuit  Losses 

dB 

.5 

lM 

Modulation  Loss 

dB 

J 

gtx 

Transmit  Antenna  Gain 

d U 

55 

le 

Pattern  Edge  Loss 

dB 

3.0 

lpt 

Antenna  Pointing  Loss 

dB 

.5 

EIRP 

Eff.  Isotropic  Rad.  Power 

dBw 

71.8 

LP 

Space  Loss 

dB 

214 

La 

Atmospheric  Loss 

dB 

• 5 

gRX 

Receive  Antenna  Gain 

d&i 

55 

LC 

Circuit  Loss 

dB 

• 5 

C 

Carrier  Power 

dBw 

-88.2 

K 

Bottzmanns  Constant 

dBw/°K-Hz 

-228.6 

TS 

Receive  Sys  Noise  Temp. 

dB-°K 

31 

B 

Noise  Bandwidth 

dB-Hz 

60.9 

N 

Noise  Power 

dBw 

-)3t  . 

M 

Margin 

dB 

3.0 

-133.7 

C/N 

Carrier  to  Noise  Ratio 

dB 

45.5 

(c/n)r 

Required  C/N 

dB 

40.0 

C/N 

Above  Margin 

dB 

5.5 

Figure  25 
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GEOSYNCHRONOUS  PLATFORM  POWER  REQUIREMENTS 

Concern  has  been  expressed  In  the  large  amount  of  power  required  for 
some  of  the  services  performed  by  the  geosynchronous  platform.  In  order  to 
understand  the  rationale  for  the  large  amount  of  power  that  must  be  generated 
by  the  platform,  the  constraints  of  the  system  must  be  known.  The  primary 
constraint  for  the  direct  educational  television  service  is  the  low  cost  and, 
hence,  low  performance  of  the  ground  receiver. 

The  performance  objective  of  a communication  system  is  the  signal-to- 
noise  (S/N)  ratio.  Any  specified  S/N  level  may  be  achieved  by  either 
increasing  the  signal  power(S)  or  decreasing  the  noise  level  (N) . The  signal 
power  is  directly  related  to  the  amount  of  energy  generated  at  the  platform. 

The  noise  level  is  directly  related  to  the  noise  temperature  of  the  home 
receiver. 

To  show  the  effects  of  lowering  the  ground  recei  r noise  temperature 
on  the  required  transmitter  dc  power  at  the  platform,  refer  co  Figure  26. 

For  a given  downlink  carrier  to  noise  ratio  of  11.5  dB  (fixing  antenna  gains 
and  slgnal-to-noi se  ratio), we  see  the  linear  relationship  between  temperature 
and  power.  For  a decrease  of  5*5  dB-degrees  Kelvin  in  receiver  noise  tempera- 
ture (from  5750°K  to  1540°K),  we  see  a reduction  of  33.1  kW  of  power  per  channel 
(166  kW  for  5 channels)  at  the  platform. 

According  to  a NASA  Lewis  report  (with  1976  cost  data),  the  price  increase 
for  the  cooler  receiver  would  be  about  $100.00  per  unit  (for  buys  of  one  mil  Mon). 
That  results  in  a $100,000,000  increase  In  receiver  costs.  This  must  be 
compared  with  the  savings  of  33  kW  per  channel  of  solar  cells  and  associated 
costs  at  the  space  platform. 

We  can  also  see  that  the  number  of  channels  broadcast  by  the  platform 
affects  the  economic  tradeoff  of  ground  versus  space  costs.  For  only  one 
channel  broadcast  by  the  platform,  33  kW  is  saved  for  an  increase  of  $100 
In  ground  cost  (per  receiver).  For  five  channels  of  TV,  5 X 33  kW  - 165  kW 
is  saved  for  the  same  $100  per  unit  receive1-  Increase.  We  see  that  for  a 
large  number  of  channels,  It  becomes  morn  economic  to  increase  ground  cost. 
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Another  factor  that  must  be  taken  into  account, when  increasing  the  cost 
of  the  ground  receivers,  is  the  effect  of  the  receiver  c^t  on  the  number  of 
expected  users.  Since  the  principle  aim  of  the  educational  TV  service  is  to 
reach  as  many  customers  as  possible,  the  cost  must  be  kept  low  for  high  usage. 

A comparison  of  the  link  budget  for  COMSAT  (a  typical  small  satellite^ 
and  the  platform  concept,  illustrates  the  differences  in  antenna  gains,  noise 
temperatures  and  required  transmit  power  at  the  spacecraft.  See  Figure  27. 

The  greater  power  generated  by  the  platform  is  primarily  due  to  the 
higher  noise  temperature  of  the  receiver  and  lower  gain  of  the  receiving 
antenna.  The  antenna  gain  of  the  platform  study  is  constrained  by: 

1 . Ease  of  set-up 

2.  Pointing  accuracy  required  (large  beamwidth) 

3.  Cost 

k.  Weight/durability 

A 2.3  foot  dish  ground  r-ceiver  has  a 3 dB  beamwidth  of  2.8  degrees  compared 
to  the  5.9  foot  dish  which  has  beamwidth  of  1 degree. 

Cost  of  an  antenna  usually  varies  inversely  with  the  square  of  the 
diameter.  At  $20.00  for  a 2 foot  dish,  this  wouid  become  about  $100.00  for 
a 6 foot  dish.  This  $80.00  increase  per  antenna  for  one  million  antennas  adds 
$80,000,000  to  ground  costs.  For  these  reasons,  a 2.3  foot  dish  is  considered 
a fixed  parameter  for  the  platform  study. 
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Figure  £6.  input  DC  Power  Per  Video  Channel  Versus  Receiver  Noise  Temperature  and  Cost 
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Figure  27.  LINK  BUDGET  CALCULATION  COMPARISON 
LINK  DESCRIPTION 

C/N  * PT“L^+GTW"LD“LA“L,--BO+GoX/-K-T«.-BRr.-LT“LpQj -Margin 


T -C  “TX  -P  A E 


'RX 


'S  RF  “T 


REMARKS 


PARAMETER 

UNITS 

COMSAT 

PLATFORM 

COMSAT 

PLATFORM 

Frequency 

GHz 

11  GHz 

11  GHz 

Pt 

Power  Generated 

dBw 

+20.0 

+27.5 

100  watts 

565  watts 

k 

Circuit  Losses 

dB 

-2.0 

-1.0 

BO 

Backoff 

dB 

-3.0 

0 

gTX 

Transmi t 

Antenna  Gain 

dB/. 

+37.0 

+45 

1 Beam  National 

32  Beam  CONUS 

Coverage 

Coverage 

(individual  Beam 

Control) 

4 

Pattern  Edge 

Loss 

dB 

-3.0 

-3.0 

« 

^PT 

Antenna  Pointing 

Loss 

dB 

0 

-•5 

EIRP 

Eff.  Isotropic 

Rad.  Power 

dBw 

+49.0 

+68.0 

Space  Loss 

dB 

-205.6 

-205.0 

la 

Atmospheric 

Loss 

dB 

-.7 

-.2 

6rx 

Receive  Antenna 

Gain 

dBt 

+1*4.8 

+35.8 

3.9  ft  dia. 

23  ft.  dia. 

•9°  Beamwidth 

2.6°  Beamwidth 

Lc 

Circuit  Loss 

dB 

Included 

Included 

(Easier  Pointing) 

(.5) 

(1.0) 

c 

Carrier  Power 

dBw 

-112.5 

-101.4 

K 

Bottzmanns 

dBw/ 

Constant 

#K-Hz 

-228.6 

-228.6 

TS 

Receive  System 

Noise  Temp. 

dB-0;' 

+27.8 

+37.6 

Sys.Temp  ■ 600°K 

Sys.Temp  - 5754°K 

NF  = 4 dB 

NF  - 12  dB 

(Lower  Cost) 

B 

Noise 

Bandwidth 

dB-Hz 

+75.2 

+75.1 

N 

Noise  Power 

dBw 

-125.6 

-115.9 

M 

Margin 

dB 

+3.0 

+3.0 

-122.6 

-112.9 

C/N 

Carrier  to 

Noise  Ratio 

dB 

10.1 

11.5 

(C/N) 

r Required  C/N 

dB 

10.1 

11.2 

C/N 

Above  Margin 

dB 

0 

+.3 

SNR 

Requi red 

1*9.6 

48.5 

(C/N) 

YQY  Required 

10.1 

9.7 

(C/N) 

Required 

a 

15.0 

*C/N  Downlink  must  be  greater 

FM 

rs  r 

Imp.  Factor 

39.5 

I8.fi 

| than  10.1  dB. 

100X1/. 33  565X1/. 33X32 
* 303  W/CH.  ■ 54. 788kw/channe1 

500 
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APPENDIX  H: 

ILLUMINATION  PATTERNS  FOR  SUN-SYNCHRONOUS  SPACE  LIGHT  ORBITS 
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ILLUMINATION  PROPERTIES  OF  SUN  SYNCHRONOUS  ORBITS 


Sun-synchronous  orbits  are  characterized  by  what  may  be  called  preoessional 
stability . This  means  that  their  rate  of  precession  compensates  for  the  earth's 
revolution  about  the  sun.  Thus,  the  relative  constellation  of  sun  and  the  orbit 
remains  invariant,  as  if  the  orbit  was  fixed  in  inertial  space  with  respect  to 
an  earth  not  revolving  about  the  sun.  The  reflectors  are  lined  up  along  the 
orbit  at  equal  intervals  at  most  a few  degrees  apart.  The  orbit  is  a fixed-in- 
spaae  ring  with  closely  spaced  reflector  units.  Within  this  ring,  the  earth 
rotates.  A surface  point  completing  one  circle  at  its  latitude  per  24  hours, 
faces  the  orbit,  hence,  the  reflector  is  in  the  same  position  (relative  to 
itself)  each  night.  Orbit  position  and  latitude  of  the  target  determine  the 
nightly  illumination  pattern  available  to  the  target. 

4 

Figure  1 shows  the  illumination  geometry  for  a typical  Lunetta  constellation. 
Assume  that  the  reflectors  are  used  to  illuminate  the  target  only  within  a given 
elevation  angle  above  the  local  horizon.  Seen  from  space,  the  focus  of  the  lowest 
permissible  elevation  line  is  a circle  which  can  be  referred  to  as  useful  illumina- 
tion area.  Larger  illumination  circles  result  in  a lower  quality  of  the  light 
because  the  Lunetta  is  nearer  to  the  horizon,  hence,  the  focal  area  becomes  highly 
elliptic  and  the  path  length  through  the  atmosphere  increases  rapidly.  Both 
factors  reduce  the  total  illuminance.  The  first  factor  also  creates  a much 
larger  illumination  area  than  the  target  area  to  be  illuminated,  which  reduces 
the  degree  of  controllability  over  who  does  the  does  not  receive  light. 

While  passing  through  the  useful  illumination  area  the  target  in  its  center 
receives  light.  The  amount  of  light  received  becomes  a maximum  if  the  reflector 
chain  passes  through  the  center  of  this  circle.  Shorter  transits  result  in  a 
lower  degree  of  illumination. 

The  orbit  position  is  given  by  its  inclination  (which,  in  a sun-synchronous 
orbit  is  a function  of  altitude,  or  vice  versa)  and  the  time  of  its  maximum 
latitude.  If  the  time  of  maximum  longitude  is  midnight,  as  in  the  case  of 
Orbit  A in  Figure  1,  then  the  orbit  plane  faces  the  sun  as  dixectly  as  its 
inclination  permits.  Figure  1 shows  the  illumination  pattern  with  Orbit  A if 
the  target  is  at  Latitude  1 or  2.  In  the  first  case.  Illuminance  Curve  A-l  is 
obtained.  The  target  within  its  given  useful  illumination  area  receives  no 
light  prior  to  about  21.40.  At  22.00  the  segmental  transit  is  still  very  small, 
so  that  very  little  light  is  received.  Within  the  next  two  hours,  the  illumin- 
ance level  increases  rapidly.  A maximum  is  reached  at  midnight  and,  thereafter 
the  illuminance  declines  again  in  the  same  way  in  which  it  increased  before. 

If  the  target  is  at  Latitude  2,  however,  a different  pattern  (A-2)  emerges. 
This  pattern  is  more  efficient,  since  the  orbit  is  used  twice,  yielding  maximum 
illuminance  at  22.00  and  2.00.  But  no  light  is  received  at  midnight. 

Intermediate  patterns  emerge  if  the  target  latitude  lies  between  1 and  2. 
Outside  this  band,  which  equals  the  radius  of  the  useful  illumination  circle. 
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maximum  Illuminance  cannot  be  attained  at  any  time.  But  this  example  shows 
that  a single  illuminance  period  or  two  periods  can  be  obtained  — and  that  the 
interval  between  the  two  periods  can  be  selected  within  certain  limits  — by 
properly  selecting  the  maximum  latitude  (inclination)  and  the  maximum  latitude 
position  of  the  orbit(s)  with  respect  to  the  target  latitude. 

This  can  be  useful*  especially  for  Biosoletta  illuminating  an  ocean  area 
to  simulate*  for  example*  kelp  growth  throughout  the  year.  For  Lunetta  and 
Powcrsoletta,  these  illumination  patterns  are  not  likely  to  be  satisfactory. 

The  illumination  pattern  can  be  shaped  further  by  distributing  the  same 
number  of  reflectors  over  several  orbits  (co-orbits).  Figure  1 shows  the 
case  of  three  co-orbits  (A,  B and  C)  illuminating  a target  at  Latitude  2.  The 
resulting  pattern  yields  a more  even  illumination;  however,  at  a lower  level 
since  each  orbit  now  carries  only  one-third  of  the  lighting  power  of  Orbit  A 
alone.  Obviously,  if  each  orbit  would  carry  more  than  one-third,  the  pattern 
would  not  change*  but  the  illuminance  level  would  be  raised.  In  this  case* 
of  course,  a large  number  of  reflectors  must  be  installed.  It  is  also  possible 
to  influence  the  illumination  pattern  by  assigning  different  lighting  power 
levels  to  each  orbit,  e.g. , 40  percent  to  B and  C each;  20  percent  to  A. 

Thus,  for  a proven  latitude  — or  for  a proven,  limited  latitude  band  — 
the  illumination  pattern  is  determined  by: 

1.  The  number  of  co-orbits 

2.  The  time  position  of  their  maximum  latitude  passage 

3.  The  lighting  power  (number  of  reflector  units) 
assigned  to  each  co-orbit 

The  lighting  level,  of  course,  is  determined  by  the  lighting  power  in  each 
co-orbit. 

The  farther  north  (or  south)  the  target,  the  higher  must  be  the  orbit 
inclination  relative  to  the  equator.  The  higher  the  inclination,  the  lower 
the  altitude  of  the  sun-synchronous  orbit;  hence,  the  smaller  the  illuminated 
area  and  the  smaller  the  overall  reflecting  area. 
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SPECIFIC  ILLUMINATION  PATTERNS  FOR  VARIOUS  LATITUDES  AND  PURPOSES 


Because  of  the  large  number  of  variables  entering  Into  orbit  selection, 
the  selection  of  the  optimum  orbit,  in  terms  of  Inclination/altitude,  number 
of  co-orblts  and  lighting  power  per  co-orbit,  is  extremely  complex  and  requires 
specific  task  definitions. 

Nevertheless,  it  is  possible  to  gain  considerable  Insight  by  distinguish- 
ing between  high,  medium  and  low  latitudes  and  by  considering  three  distinct 
functions  — illumination  (Lunetta),  agricultural/oceanic  stimulation  (Agri- 
soletta,  not  the  large  Biosoletta,  in  geosynchronous  orbit  described  previously) 
and  electric  power  generation  (Powersoletta) . 

ILLUMINATION  AT  HIGH  LATITUDE 

For  illumination  of  targets  at  50°  to  65°  latitude,  an  orbit  at  Bjaax  ” 65° 
may  be  selected.  If  the  Lunetta  is  used  to  illuminate  not  cities  but  remote 
industrial  (oil,  gas,  mining)  operations  in  the  high  north,  targets  at  70” 
latitude  or  higher  could  be  illuminated  since  multi-directional  lighting  (along 
north-south  axis)  does  not  appear  important  in  contrast  to  city  illumination. 

Figure  2 shows  the  results  of  an  analysis  of  a Lunetta  system  in  which 
the  primary  function  is  the  illumination  of  remote  industrial  activities.  The 
maximum  latitude  is  65°.  Three  co-orbits  (A,  B,  and  C)  with  A and  C near 
maximum  distance  of  $max»  passage  off  midnight.  Targets  at  latitude  south  of 
65°  receive  an  illumination  peak  around  midnight.  The  peak  is  more  gradual 
closer  to  65°.  Thus,  the  illuminance  curves  for  55°  and  50°  N would  fit  a night 
shift  from  22:00  through  2:00.  At  60°,  higher  illuminance  is  provided  from 
21:00  to  3:00.  If  the  same  profile  is  desired  for  locations  at  55°,  Pmax  should 
be  60°  rather  than  65*.  The  60*  profile  can  be  evened  out  by  lifting  the  dip 
around  midnight.  This  can  be  done  by  lowering  Pmax  f°r  B to  60°.  Increasing 
the  lighting  power  of  B would  not  help,  since  this  would  also  raise  the  peaks 
at  22:30  and  1:30.  In  fact,  it  was  necessary  to  lower  the  lighting  power  of  B 
in  order  to  avoid  greater  uneveness  in  any  of  the  profiles. 

The  70*  profile  shows  the  comparatively  longest  period  of  even  lighting. 

But  its  overall  lower  illuminance  indicates  the  fact  that  diametric  transit 
obviously  is  not  possible  for  a target  latitude  above  Pmax*  *n  this  profile, 
the  dip  around  midnight  could  be  eliminated  by  raising  Pmax  for  B to  shout  68°. 

The  illuminance  levels  of  the  profiles*  are  based  on  the  nominal  lighting 
power  (maximum  illuminance  at  zenith)  of  200,  100  and  200  moons  for  Orbits  A, 

B and  C,  respectively.  Table  1 shows  that  this  Lunetta  would  be  quite  small, 
especially  if  the  nominal  lighting  power  is  based  on  zenith  position  on  which 
condition  the  illuminance  in  Figure  2 are  based.  This  size  would  yield 
almost  a 3 cr  confidence  level  for  all  weather  conditions  if  illuminance  levels 
down  to  5 - 10  moons  were  adequate. 

*These  and  all  subsequent  values  refer  to  clear  night  illuminances.  Final 
system  sizing  must,  of  course,  take  cloud  coverage  into  consideration. 
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Table  1.  Lunetta  for  High  Latitude  Illumination 

(Reflectivity  p * 0.95;  Mean  Reflection  Angle  65°) 


ORBIT 

A 

B 

C 

Nominal  Lighting  Power  @ Zenith  (Moons) 

200 

100 

200 

Limiting  Elevation  Angle,  ejjm  (Deg) 

40 

-+ 

Diameter  of  e-Circle  (Deg) 

39-2 

Reflecting  Area,  Ar,  within 
e-Circle  for  Above  Nominal 
Lighting  Power  (km2) 

0.18 

0.09 

0.18 

Total  Reflecting  Area  to  Maintain 
Ar  within  e-Circle  Continuously, 
Ar,tot(km2) 

1.66 

0.83 

1.66 

If  Sized  for  Nominal  Lighting  Power 
Not  at  Zenith,  but  at  ejj  , then 
Lighting  Power  at  Zenith  Becomes 
(Moons) 

520 

260 

520 

Illuminance  Levels  in  Figure 
are  Raised  by  Factor 

2.6 

-* 

->■ 

Ar,  tot  (kr"2) 

432 

2.16 

4.32 

ILLUMINATION  AT  MEDIMUM  LATITUDE 

The  majority  of  large  cities  are  located  between  50°  N and  30°  N.  This 
means  a Lunetta  for  illuminating  medium  latitudes  will  most  likely  have  the 
function  of  illuminating  large  cities  and  industrial  regions. 

In  this  case,  Bmav  should  be  60°  if  major  emphasis  is  placed  on  the  40° 
to  55°  belt,  or  50°  if  more  emphasis  is  placed  on  the  35°  to  45°  region. 

Moreover,  a larger  number  of  co-orbits  is  required  over  the  maximum  turning 
range  of  the  orbit,  to  assure  a relatively  high  illuminance  level  at  mid- 
evening and  pre-dawn  hours. 

Figure  3 shows  the  results  of  the  .nalysis  of  a five  co-orbit  Lunetta 
system  (Orbits  A thru  E)  with  Bmax  = 50°  and  with  particularly  strong  lighting 
power  in  Orbits  A and  E. 

The  illuminance  profile  for  a target  lrtitude  of  45°  N shows  strong  light- 
ing for  most  of  the  night  with  a broad  maximum  between  23:00  and  1:00.  Illuminance 
falls  off  near  sunset  and  sunrise,  when  the  need  for  lunetta  fades.  The  profile 
for  a target  at  50°  (■  Bmax)  shows  an  even  broader  maximum  (22.00  through  2.00). 
But,  the  illuminance  experiences  a fairly  steep  decline  in  the  pre-dawn  hours 
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(after  3:00)  and  is  at  a correspondingly  fairly  low  level  between  20:00  and 
22:00.  The  35#  profile  indicates  a high  and  stable  lighting  level  18:00  - 22:00 
and  2:00  to  6:00,  which  is  quite  desirable.  Around  midnight,  the  light  level 
rises  significantly  — which  is  due  to  the  fact  that  the  cross-over  point  of 
the  two  brightest  orbits  (A  and  £)  occurs  over  35°  N.  The  midnight  peak  recedes 
between  35°  and  30°,  that  is,  for  cities  such  as  Los  Angeles,  Houston  and  others. 

Again,  the  illuminance  levels  of  the  profiles  shown  in  Figure  3 are  based 
on  the  nominal  lighting  power  of  the  co-orbits  at  the  zenith  of  the  useful  area 
of  illumination.  For  these  conditions,  Table  2 shows  that  the  overall  reflec- 
ting area  to  be  installed  in  all  five  co-orbits  together  is  about  12  km^. 


Table  2.  Lunetta  for  Radluum  Latitude  Illumination 

(Reflectivity  p ■ 0.95;  Mean  Reflection  Angle  50°) 


ORBIT 

A 

B 

C 

D 

E 

Nominal  Lighting  Power  at 
Zenith  (Moons) 

250 

100 

150 

100 

250 

Lim.  Elevation  Angle,  ejjm(Deg) 

45° 

Diameter  of  e-Circle  (Deg) 

41° 

Reflecting  Area,  Ar,  within 
e-Circle  for  above  Lighting 
Power  (km2) 

0.4 

0.16 

0.24 

0.16 

0.4 

Total  Reflecting  Area  to 
Maintain  Ar  within  e-Circle 
Continuously,  Ar  tQt(km2) 

3.52 

1.41 

2.11 

1.41 

3.52 

l Ar,tot(km2) 

If  Sized  for  Nominal  Lighting 
Power  at  eijm,  then  Lighting 
Power  at  Zenith  (e  ■ 90°) 
Becomes  (Moons) 

1 

1 

1 CO 

o 

1 LTV 

203 

11.97 

305 

203 

508 

Ar,tot(km2) 

7.15 

2.86 

4.28 

2.86 

7.15 

1 Ar,tot(km2) 

24.3 

As  mentioned  before,  Smax  should  be  60°  for  primary  emphasis  on  the  40°  to 
55°  latitude  band.  The  profiles  would  look  similar  as  in  Figure  3 , but  each 
for  a 10®  higher  latitude.  For  prime  emphasis  on  the  35°  to  50°  band,  the 
maximum  latitude  should  be  55°.  Most  of  the  major  cities  in  North  America, 
Europe,  southern  Russia  and  Japan  are  located  in  this  belt.  Therefore,  this 
maximum  latitude  was  chosen. 
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